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TRADE MARK 


...1/3 THE EXPANSION OF 
CONVENTIONAL CAST IRONS 


Minovar is a nickel alloyed cast iron 
that successfully minimizes dimen- 
sional changes in precision equip- 
ment, even under wide temperature 
changes. 

Accuracy of machine tools, dies, 
instruments, gages and similar de- 
vices may be effectively increased 
by using this low expansion iron 
for spindle carriers, work mounts, 
bridges and other cast parts requir- 
ing dimensional constancy within 


tolerances as low as 0.0001”. 

Minovar has a linear coefficient 
of thermal expansion approximate- 
ly one-third that of plain cast iron. 
It surpasses gray iron in toughness 
and is comparable in vibration 
damping capacity, gall resistance 
and machinability. 

Large or small, simple or intri- 
cate cast forms may be produced in 
Minovar about as readily as you 
produce gray iron castings. 

We invite consultation on the 
use of Minovar nickel cast irons. 
Send us details of your problems 
for our recommendations. 


a. 
— 


MINOVAR INCREASES MACHINE TOOL PRODUCTIVE TIME 
Need for warm-up before precision machine 
tool jobs can be set, and need for frequent 
readjustment during operation, cause pro- 
duction delays. The Heald Machine Compan) 
builders of precision boring and grinding 
machines, found a solution to this problem by 
specifying Minovar for cast components re- 
quiring maximum dimensional stability to pro- 
duce work accurate to a few ten-thousandths, 
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information on the selection, fabrication, treatment and performance 





ee 
MINOVAR CASTING PERMITS FASTER 
PRODUCTION OF STRIP STEEL 


Strip thickness in ten-thousandths ar 
reliably indicated with the Pratt 
Whitney Electrolimit Continuous Gag 
shown in inset, allowing rolling speed 
to reach 3500 feet per minute as again 
a 300 maximum with hand measuring 
Main gage head casting dimensiona 
variation due to thermal changes mu 
be held to the absolute minimum, hen: 
this important part is cast in low e 
pansion Minovar cast iron. 
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French Automotive Design 


American manufacturers interested in producing lightweight 
low cost automobiles might well study the present French 
ventures in this field. On page 81, French postwar automotive 
design is discussed in a staff written article. Problems peculiar 
to French economy include a demand for low initial and 
operating costs and shortage of ferrous materials; the results 
are some interesting constructions in light metal alloys 


Furnace and Dip Brazed Aluminum Parts 


For mechanical assembly of aluminum parts in quantity 
production, furnace and dip brazing should be considered. On 
page 115, A. H. Petersen, Production Methods Engineer, Lock- 
heed Aircraft Corporation, presents design details for different 
types of joints and methods of placing the brazing wire, rod 
or filler shims. Designing for ease of assembly is also discussed 


Beryllium Copper Formed Parts 


Economies possible through proper use of fixture heat-treated 
beryllium copper formed parts are presented on page 118 in a 
staff written editorial evaluation. Based on information obtained 
from both consumers and producers of these parts, the article 
discusses proper methods of heat-treating beryllium copper 


Oil Hydraulic Systems 


Troubles that occur in the field in oil hydraulic systems can 
often be reduced or completely eliminated on the drawing boards 
during the development of the system. On pages 165, 167, 169 
Louis Dodge presents a trouble shooting chart on the symptoms, 
causes and remedies of troubles in oil hydraulic systems 


Gear Tooth Deflection and Scuffing 


Involute tooth shapes are frequently modified to obtain specific 
operating qualities in gears. Among the reasons for such 
modification is the problem of scuffing on heavily loaded gear 









Useful Transformer Connections, by H. K. Pritchard, Gen 
eral Electric Company. Discussion of ways to connect dry 
type transformers of 2 to 25 kva. and 600 volt and less 
class, to adapt machine operation for service voltages. 


Oxyacetylene Pressure Welding, by R. A. Kubli, The Linde 
Air Products Company. Discusses the pressure welding 
process and shows how parts should be designed. 
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teeth. On page 141 Forest R. McFarland, Chief Researg 
Engineer, Packard Motor Car Company, presents methods oj 
relieving addendums of gears to offset the detrimental effect: 
of high rubbing speeds and of initial contact at the extreme tips 
f the teeth 


Trolley Conveyors 


The increasing application of trolley conveyors to industria 
inachines and systems is bringing a relatively new design appli 
cation problem to many engineers. On page 124 Sidney Reibel 
Design Consultant, Albert Kahn Associated Architects and 
Engineers, Inc., tells how to select and apply trolleys, determine 
the right spacing, calculate safe loads. Design analysis oj 
types of trolley construction, typical dimensions and drop attach 
ments are discussed 






Sheet Metal Box Design 


Designing a sheet metal box or box-like structure is a tre 
quent problem in industry. On page 122 Wallace C. Mills dis 
cusses ordinary can and box structures as well as_ special 
structures for appearance, utility or low cost. Designs are 
shown for seamed, welded and folded constructions. Shapes 
f blanks and methods of manufacture are included 


Precision Snap Acting Switches 


Precision snap acting switches are increasingly used in auto 
matic and semi-automatic machinery, especially where only a 
small actuating force is available or where accurate repeat 
ability of a present operating cycle is essential. On page 135 
\. L. Riche, Vice President, Micro Switch, discusses prin 
ciples of operation, significant operating characteristics, elec 
trical and mechanical operation factors for general purpose and 
extremely small types 






Electric Contact Operation 


Che useful life of electric contacts is largely determined by 
the amount of arcing that occurs when they close or open 4 
circuit. On page 107 R. B. Immel, Design Engineer of the 
Westinghouse Electric Corporation, discusses the causes 0! 
contact arcing and demonstrates that proper mechanical design 
is essential for optimum contact operation and life. Methods 
of reducing bounce of contacts and characteristics of contact 
materials are also included. 


Silicone Rubber 


Because they have the inorganic silicon atom incorporated 
in their chemical structure, the silicones combine properties 
of both resins and ceramics. Like other members of the silicone 
family, silicone rubber is néted for its resistance to high tem 
peratures. On page 146 E. M. Irish and J. Rae Stirrat 
Chemical Department, General Electric Company, discuss thé 
properties and applications of this new engineering material 














Internal Friction Blocks and Shoes, by A. C. Rasmusse!l 
consulting engineer. Establishes the mechanical conditions 
that make brake shoes self-energizing and self-locking and 
demonstrates the use of these conditions in brake design 


Cam design for High Speeds and Torques, by Milton A 
Sanders, consulting engineer. A direct approach to the 
analysis of cam motions for precision and inertia effects 
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Fig. 1—Three-wheeled, 3-passen- 
ger Mathis lends itself to thor- 
ough streamlining. Twin cylind- 
ers are 80 percent water cooled, 
20 percent air cooled. Sheets of 
aluminum alloy are spot welded 
at 6,000 places to form the one 
piece body-frame. Exterior pan- 
els are 1 mm. thick, interior 
panels 0.8 mm. thick. 


AUTOMOBILE design in France is 
governed by three major considera- 
tions, largely dictated by the eco- 
nomic and industrial situation. Fore- 
most is the adoption of lightweight 
alloys of aluminum, and in a few in- 
stances of magnesium. These alloys 
are becoming the principal structural 
materials largely because iron is scarce 
and aluminum plentiful. Second is 
development of the one-piece body- 
chassis utilizing the stressed skin prin- 
ciple; and third is the widespread use 
ot the flat twin cylinder air-cooled 
engine. 

To achieve initial low cost, French 
automotive designers are striving for 
structural simplicity and reduction of 
the amount of material in the car. 
This objective is being reached by de- 
signing generally smaller cars, adopt- 
ing light-weight alloys and reducing 
the number of parts that make up the 
vehicle. . The first two steps have the 
advantage of improving operating 
economy. Smaller cars and lighter 
materials mean smaller engines, but 
the French have squeezed engine size 
even below the expected level and are 
attempting to maintain good perform- 
ance by giving serious consideration 
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LIGHT METALS 


Dominate French Automotive Design 


During the war years French designers had no great incentive to 
turn their talents toward German use, and many of the keenest 


minds went "underground" to prepare some rather advanced 
designs that could be put into production when France was once 
more free. On October 3, 1946, the world's first postwar auto- 
mobile show opened in Paris. The trend was toward combined 


body-frames, air cooled engines and independent suspensions. 


to the aerodynamic aspects ot body 
shape and the reduction of wind re- 
sistance. 

In outward appearance the French 
cars are notable for their streamlin- 
ing. The three-wheeled Mathis is a 
three-passenger, front-wheel drive de- 
sign and is almost a tear-drop shape, 
Fig. 1. The Wimille, not shown, is a 
four-wheeled car having a pronounced 
tear-drop design. But body construc- 
tion of these cars is of most interest. 


1947 


The one-piece body frame of the 
three-wheeled Mathis is welded from 
sheets of aluminum alloy. This body 
shell replaces the conventional chassis 


and is reinforced with horizontal mem- 


bers at various points, Fig. 2. The 
large flat crosspiece forward is the 
key strengthening member; it bears 
the motor’s weight and stands just 
behind the anchorage of the two front 
coil springs that support most of the 
car’s weight. Jean Andreau Mathis, 
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the designer, has employed the stresse«! 
skin construction common in the avia 
tion and shipbuilding industries. He 
claims, ““The major pieces have their 
stresses spread out over large area 
surfaces of sheet, in order to avoid 
high local stresses . . . in this way 
is avoided the classic superimposing 
of bended sheets, of angles, and of : 
multiple reinforcements, which end 
by costing a lot and weighing a lot. 
The result is that the stressed part of 
the caisson weighs only 106 lb., and 
the whole bare sheet structure of the 
caisson weighs 172 pounds.” 

Only the doors and fenders re 
quire deep stamping. Most of the 
6,000 spot welds on the car are made 
with fixed machines. Just a few 
portable welders are needed on the 
production line. Structural rigidity 


is evidenced by the results of the static , 
load test of imposing 2,900 lb., three ' 
times car weight, on the structure. A ( 


body shell so tested deflected only 2.8 
mm. The designer claims that in two 
years of use not one weld on the test 
car has failed, and that the absence ot 
body noise remains as good as ever. 
In his first model Mathis used ply 
wood, fabricated under low pressure 
as the structural material, but trouble 
with glue polymerization and the in 
durability of the material caused its 
abandonment. The designer expressed 
it: “Accidental blows brought on 
damage all out of proportion to the 
importance of the blow.”’ He there 
fore turned to alumimum alloys. Ex- 
terior panels are of Duralinox H3, 
1 mm. in thickness; interior panels | 


are 0.8 mm. thick. The highly stressed 
a ih reinforcements are made with Dura 


——_—wee 
—— 
v9 me ~ \s 7 —* linox H5, 1% and 2 mm. thick. The 
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method of joining the edges of sheet 






Fig. 2—Reinforcing strips are 
1.5 and 2 mm. light alloy. This 
stressed skin construction 
weighing 172 lb. deflected only 
2.8 mm. under a static load of 
2,900 pounds. 






Fig. 3—Different types of join- 
ing folds. These aluminum 
sheets are spot welded without 
crimping. 






Fig. 4—The magnesium frame 
of the lrat weighs 220 lb. It is 
bolted together. 
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surfaces is shown in Fig. 3. ‘These 
edges are welded without crimping. 
All sheet surfaces are slightly bellied 
to increase rigidity and prevent res- 
onant vibration of the panels. 

A single piece welded body frame 
construction is used on the Renault 
although the material is steel sheet 
0.7 mm. thick. Cross members of 114 
mm. steel sheet strengthen the floor. 

A car that might appeal to the 
American demand for roominess, 
power and streamlining is being de- 
veloped by Emile Claveau. Like many 
of the French cars, the Claveau will 
have a single piece body-frame of 
stamped Duralinox sheet. These 
sheets will be electrically welded to- 
gether. 

Pushing lightness one step further, 
the firm of Georges Irat has developed 
together with the French “Société 
Générale de Magnesium’ the first 
model of a three-place coupe emphasiz- 
ing use of magnesium alloys. Cast 
magnesium alloy trusses and slabs are 
bolted together to form the unified 
inner frame of the Irat, Fig. 4. The 
whole section weighs about 220 Ib. It 
is planned to reduce its weight still 
further. The outer body shell is of 
aluminum alloy. 


Special Caisson Frame 


Another designer-constructor  fa- 
mous in French circles, M. A. Julien, 
has devoted his attention to a special 
caisson frame for open cars, where 
torsion presents a difficult problem. 
Julien’s new “open shell” is welded 
of steel sheet. It comprises a forward 
triangular section and a solid floor. 
These two are the working members 
and are extremely rigid in both flexure 
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and torsion. The lower part of the 
door frame is welded to the side mem- 
ber of the body and reinforces that 
member. The designer explains his 
approach as follows: “In the classical 
body it is the exterior and continuous 
skin which works, the inner casing 
being made of discontinuous and inert 
trimming. Here it is that the inner 
casing of the passenger compartment 
is continuous, solid and working, the 
outer covering being able to be di- 
vided and weak.” 

In another approach to greater tor- 
sion strength for small open cars, 
Julien maintains the width and depth 
of the cross-section and shortens the 
length of the body undergoing tro- 
sion. Special extended front and rear 
wheel suspensions are required for this 
body. These are discussed in a follow- 
ing section on wheel suspension. 

Perhaps the outstanding car in 
France today is the Gregoire. This 
car is being manufactured in England 
as the Kendall. Design features were 
described in the Product Design sec- 
tion, Propuct ENGINEERING, De- 
cember 1946. In brief, the body is 
made up of aluminum castings. The 
principal one is the scuttle that sup- 
ports the engine, front suspension, 
windshield frame, and provides a 
mounting point for side frame mem- 
bers. The main side frame members 
are of U-shaped cross-section, rein- 
forced in many places by large fillets. 
Rear side frame members contain 
spring-loaded independent suspensions 
and are bolted to the aluminum rear 
axle housing. A conventional sheet 


steel body is bolted to this frame. 

Going the whole way towards size 
reduction de-Rovin has produced a 
two-passenger midget car. Construc- 
tion is of welded steel. 

The streamlined Wimille has a 
chassis made from two braced steel 
tubes 12 mm. in diameter. Body is of 
sheet aluminum and Plexiglass is used 
for the curved windshields. 


Wheel Suspension 


Independent wheel — suspension, 
front and rear, is almost universal. 
Coil springs are most common. But 
the Gregoire has a forward transverse 
leaf spring fastened on spring shackles 
that are rotatably mounted on the 
ends of the steering pivot journals. 
Irat also uses the single transverse 
spring for the front wheels. 

To mount the extremely short body 
he has designed for open cars, Julien 
developed a special suspension. The 
rear suspension is made laterally by 
means of tubes and torsion bars. The 
front suspension is a lateral parallelo- 
gram in which the side supports are 
linked to the axle bars and the trian- 
gle thus formed is articulated in rub- 
ber, Fig. 6. Julien claims several ad- 
vantages for this forward suspension: 
“Its geometry is perfect in that it has 
a constant carriage level totally in- 
dependent of the ground surface and 
the displacement of the wheels; its 
weight is reduced and _ installation 
easy. It puts all the pressure on the 
shield. Both it and the steering rods 
are well protected from _ outside 
shocks; and it allows in the center 


Fig. 5—To overcome the torsion problem in open cars M. A. Julien has 
developed this welded steel inner body shell. Fig. 6—The front suspension of 





the Julien allows easy access to the motor from the bottom and front. 
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Fig. 7—{A) Front and rear suspension for 
the three-wheeled Mathis, largely of alumi- 
num. (B) Method of mounting the motor 
block and the front spring seating used on 
the Mathis. (C) Rear suspension used on 
the rear-motored Renault. 
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of the chassis, free from all encum- 

brance, a V-shaped space for installa- 

tion of a motorpropulsive unit easily 

accessible and removable from either , 

forward or below.” In Fig. 7 other ;, 

suspensions are shown. 
Engine P 


Aluminum is the principal engine 
material. Cast iron cylinder liners are 
generally used along with steel valve 
guides. Claveau uses bronze valve 
seats set in the aluminum block, Fig. 8. 
Although a magnesium four-cylinder 
diesel truck engine has been developed 
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r: Fig. 8—Cast iron cylinder 
liners are used in an alumi- 
y num alloy block. The Cla- 
veau engine, one of the 
most powerful in current 
French cars, is a 90 deg. 
V-8 that develops 85 hp. 
at 4,200 r.p.m. It weighs 
2.65 lb. per horsepower. 
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Fig. 9—Irat's car, although empha- 
siting magnesium, uses aluminum 
alloy for the engine components 
of this 4-cylinder, 40 hp. engine. 
Fig. 1O—A radiator for each cylinder cools the Mathis engine. The 
two radiators perform 80 percent of the cooling. The balance of the 
‘i heat is carried away by the slip stream specially directed over the 
\ cylinders. This arrangement is intended to accomplish the cooling 
without the large head resistance incident to increased radiator area. 
" by Irat, his passenger car, Fig. 9, 
” uses aluminum alloy for the engine. 
* The high heat conductivity of alu- 
wl minum is a valuable aid to air cool- 
as ing, which has been generally adopted. 
Mathis, however, uses a water-cooled 
radiator for each of the two cylinders 
and supplements them with air cool- 
™ ing from the slip stream, Fig. 10. He 
ure claims that about 20 percent of the 
has total cooling is accomplished by the 
lve air without materially increasing the 
. 8. head resistance that would result if 
der larger radiator surfaces had to be pre- 
ed sented to the air. Gregoire depends 
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Table | — Comparison of Automobiles Exhibited at Paris Show __ 








Name Bedy-Frame Suspension Drive Type ae Cooling Transmission-Differential 3 
Gregoire |Conventional sheet steel} 4-wheel, independent-| Front Flat-twin Aluminem Air cooled by {| Cast aluminum housing at. 
(P.E.Decjbody on aluminum*} ly sprung through} wheel. | cylinders, except for slip stream, tached to clutch housing. 
"46 p. $8)ichassis, tractatype universal sleeves and Fans for indi- No propeller shaft. Differ. 

joints. yalve guides, vidual cylin- ential between engine and 
| ders for aux- transmission. Output shaft 
iliary cooling pinion engages differential 
system. Ting gear, 

Mathis jOne-piece body-frame| 3-wheel, independent-| Front Flat-twin. Principally ‘Two water- Clutch, transmission and 
lelectrivally welded of| ly mounted on coil} wheel. aluminum. cooled radia- differential housed in 3 
aluminum. sheet.} springs. tors supple- single shell of aluminum, 
Stressed skin construc- mented by 
tion, air from slip 

stream. 

Renault (Single piece body-frame! 4-wheel. Rear 49 hp. 4-cycle Aluminum Convention- Aluminum housing. 

welded of steel sheet. wheel. | in line. Lo- only in block. al. 
Conventional appear- cated in rear 
ance, of car. : Rs 

Claveau (Single piece body-frame| 4-wheel, Front | 90. deg. V-8, Aluminum Convention- -| Engine block, clutch, trans- 

welded of steel sheet. wheel. | 85 hp. at 4200 head and al, mission and differential 
r.p.m. 2.65 Ib. block, bronze housings and radiator are 
per hp. valve seats, partly included in a single 

east iron lin- casting. = : 

- ers. oe : 
~ Irat Frame of cast magne-} Independently sprung | Front Flat - twin Aluminum | Convention- Motor - transmission - dif- 
; sium trusses and slabs! on a single transverse | wheel. | 4-cyl. 40 hp. block and al. ferential housing cast of 

ge together, Weight) spring in front. Con- Comp. ratio head. magnesium alloy, Differ- 
20 Ib, Body shell of} ventional leaf springs 6.7. ential is directly beneath 
aluminum sheet, in rear. * motor, 

Julien An inner, rigid body-| Torsion bars in rear, Single cylin- 
frame welded of steel] individual parallelo- der, front 
sheet, Open car. grams in front, artic- mounted. 

ulated on rubber. 

Rovin Welded steel. . 6.6 hp. single One piece motor—transmis- 

: cylinder, rear sion, 

mounted, 

Wimille {Chassis of 2 braced steel Rear 4-cyl. 60 hp. 
tubes 12mm, dia. Body wheel.’ | rear mounted. 
of sheet aluminum. 

Plexiglas windshields. 



































*Note: The words aluminum and magnesium are to be understood to mean alloys of these metals. 
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runs very low compared t 


cars. The midget Rovin 





Fig. |11—Seating arrangement in the Mathis. The Wimille, not shown, seats 
the driver in the middle behind a large, streamlined plastic windshield. 


on the slip stream to provide sufficient 
cooling except in hot weather. Then 
the operator can engage the fans 
mounted in front of each of the two 
cylinders. 

An engine design feature of in- 
terest is shown in Fig. 12. Here 
Mathis uses a split connecting rod on 
the left-hand cylinder of the flat twin 
engine. This arrangement allows the 
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cylinders to be directly opposed and 
thus avoids torsion on the crankshaft. 
Claveau controls both opening and 
shutting of the valves by means of 
cams rather -than a partial spring ac- 
tion. In Fig. 13 other engines are 
illustrated. 

The flat twin is the most popular 
type of cylinder arrangement with the 
V-8 design a close competitor. Horse- 


operates on a one-cylinder, 6 hp. rear- 
mounted engine. The most powerful 
engine is Claveau’s 85 hp., 90 deg. 
V-8, weighing only 2.65 Ib. per hp. 
hecause of extensive use of aluminum 

Both front and rear engine location: 





Although Americans would not en- 
thuse over the roominess and general 
performance of French cars, in a land 
where gasoline costs 65 cents a gallon 
low operating cost is essential. At the 
S.A.E. Meeting last June a paper was 
presented on foreign cars and a warm 
discussion arose concerning the Euro- 
pean design trend toward cheap, 
lightweight autos. Finally a well-known 
American designer ended the argu- 
“We must 


get out of our minds the idea that we 


ment with the comment: 


engineers design automobiles. Let us 


Automobiles are 


= 


not kid ourselves! 


designed by economic conditions.” 
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Other Features 


Performance 





Spring shackles 
mounted rotatably 
on journals on steer- 
ing pivot housing. 


60 m.p.g. at 37 
m.p.h. Cruis- 
ing speed 54 
m.p.h. 


‘|Detachable wheel 
rims. 


‘: it ft. over- Aerodynamic Cx of 66 m.p.g. at 44 
‘all. $50 1b.10.22. Split connect-|m.p.h. 

4 - passen-|ing rod to-avoid tor- 
ger. 


sion on crankshaft. 


“1S8ft.over-| Luggage and spare/38 m.p.g. at 56 
© aij. 1,140 Ib.jtire in the usual en-|m.p.h. 
“4 - passen-| gine space, 


and shut-|22 m.p.g. at 63 
ting of valves isim.p.h,93 m.p.h. 
_jeontrolled by cams,jin overdrive. 


Wheel assembly and 35 m.p.g. cruis- 


base, 1,050; brake drums of cast|ing speed. Top 
Ib, 3-pass. 


magnesium. speed 75 m.p.h. 


Body shell has been 
greatly shortened to 
increase torsion re- 
sistance, 


Wt. $00 lbiExtremely small|60 m.p.g. at 30 
a : m.p.h. 


midget car. p.h 


it. 2,500/Tear-drop shaped |Top speed of 95 
. $-pass. jbody—Cx of 0.23. 3im.p.h.26 m.p.g. 








. seats, driver sits injat 60 m.p.h,. 


¢ ne Hid 








oe ee 








are used. Front wheel drive 
dominates, apparently because it al- 
lows a lighter and more compact con- 
struction. Designers have frequently 
cambined engine, clutch and trans- 
mission within single or closely re- 
lated housings. At least four of the 
models include clutch, transmission 
and differential within a single hous- 
ing, and in the Claveau even part of 
the radiator is included. Aluminum 
alloys predominate ; although Irat uses 
a magnesium alloy housing for the 
motor base and for transmission and 
differential housings. In this car the 
differential is mounted directly be- 
neath the motor. 


pre- 


Performance 


Performance would be disappoint- 
ing to American consumers in terms 
of top speed, but the mileages ob- 
tained are generally excellent as can 
be seen from Table I. The super 
streamlined Wimille is claimed to 
have a top speed of 95 m.p.h., using 
a 60 hp. rear-mounted engine. The 
Claveau is expected to obtain about 
93 m.p.h. in overdrive. 
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Fig. 12—A split connecting rod is used by Mathis so that the cylinders are 
directly opposed and torsion on the crankshaft is avoided. 



























{A} ne B} 






















Fig. 13—{A) This 6.6 hp., I-cyl. engine is rear-mounted in the midget Rovin. 
(B) Only the block of the 19 hp. Renault engine is of aluminum. The engine is 
rear mounted so that the seats can be moved forward for better riding. 






is 





Fig. 14—Engine and baggage space change places in the Renault. 








Recommended Practices 






For Dimensioning and Tolerancing 


STANDARDIZED PRACTICES 
tor indicating the dimensions and tol- 
erances on drawings are primarily 
based on the necessity of providing 
drawings that can be interpreted in 
one and only one way as was pointed 
out in “Dimensioning and Tolerances, 
Their Fundamental Principles’ — 
Propuct ENGINEERING, January, 
1947. However, in developing stand- 
ard practices one must also take into 
consideration speed of make-up, clar- 
ity, and the usage of the drawing in 
the manufacturing and inspection de- 
partments. Thus, practices that are 
most satisfactory in one plant may not 
be suitable in another plant making a 
different type of product. However, 
all satisfactory practices have certain 
fundamentals in common. 


Dimensioning of Cylindrical Fits 


The joint formed by a shaft in a 
hole as shown in Fig. 1 can result in 
either a clearance or interference fit 
depending on the relative dimensions 
of the two parts. To provide a better 
mental picture of the condition of the 
possible fits between the two parts, 
the bar diagram in Fig. 1 has been de- 
veloped by plotting the diametral 
tolerance h for the hole, and the 
diametral tolerance s for the shaft to 
large scale. A clearance fit results 
when there is a clearance between the 


MERHYLE F. SPOTTS 


Northwestern University 


smallest hole and largest shaft as 
shown in Fig. | (4). The value of 
the clearance a for the tightest condi- 
tion is technically called the allow- 
ance. An interference fit, shown in 
Fig. 1(B), results when the shaft is 
larger than the hole. 

All of the parts for the tightest con- 
dition in Fig. 11 will contain the 
maximum amount of metal. The parts 
for the loosest condition contain the 
minimum metal. For a clearance fit 
the condition of least possibility of as- 
sembly, occurs for maximum metal. 
For an interference fit the condition 
of least possibility of securing a tight 
joint, occurs for minimum metal. 

The cylindrical surface of a hole is 
located by means of dimensions for 
the center as well as for the hole di- 
ameter. Since these dimensions have 
tolerances, there is no way to avoid 
cumulative or compound tolerances 
when locating the surface of a hole. 

When the hole center is located by 
means of right angle dimensions with 
tolerances as shown in Fig. 2(4), the 
tolerance zone tor the hole center con- 
sists of a small square which, in this 
case, is 0.002 in. on the side. Note 
that the tolerance zones for the centers 
in Figs. 2(B) and (C) are not com- 
pletely specified, although the ma- 
chinist would probably interpret the 
drawing as implying that the same tol- 
erance is intended in both directions. 


When holes are to be made on a jig 
borer, it is customary to select data 
on the left and top sides of the part as 
shown in Fig. 2(D), and run all di- 
mensions to the right and downwards. 
Tolerance zones can also be com- 
pletely defined by tolerances on the 
diameter of the hole circle and on the 
angular dimensions, as shown in Fig. 
2(E). For sheet metal work or once- 
only job shops this method is very con- 
venient. Fig. 2(F) illustrates the use 
of horizontal and vertical coordinates. 

Reference dimensions are dimen 
sions without tolerance placed on 
drawings for information or calculat- 
ing purposes. They should be marked 
‘‘Ref.”, which indicates they are not 
to be used in any way for machining 
or inspection. Such dimensions are 
helpful in checking the drawings and 
in designing the mating parts. 

The tolerance zone for a hole cen 
ter should really be a small circle 
rather than the square that results 
from the conventional method of di- 
mensioning. Such a zone, however, 
cannot be obtained without making a 
change in the method of dimensioning 
now: in current use. 


Dimensioning of Tapers 
Tapers or conical surfaces must be 


carefully dimensioned to avoid am 
biguities and conflicts of dimensions 





Allowance mao 
«Hole a. ‘ K 
‘ a - b 
Ns vy 
Bar 
diagram 
Tightest 


(Mex. metal) 
(A) Clearance fit 








Loosest 
(Min. metal) 


Loosest 
(Min. metal) 





Bar 
diagram 





Tightest | 
(Max. metal ) 


(B) Interference fit 





Fig. |—Tolerance bar diagram for clearance and interference fits. 
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Fig. 3—Various methods of dimensioning tapers. 


that might permit the drawing to be 
interpreted in more than one way. In 
veneral, a taper can be completely 
specified by means of three dimensions 
covering location, diameter, and 
amount of taper. Several examples 
of methods of dimensioning tapers 
ire illustrated in Fig. 3. Strictly 
speaking, no tolerance on the taper or 
angle in sketches (4) and (B) would 
be required in laying out either the 
maximum metal condition or the mini- 
mum metal condition. A compound 
tolerance is ‘thus introduced by use of 
. tolerance on these taper and angle 
dimensions. This is permissible when 
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the variation in the taper must be held 
to close limits. 

In sketch (C) dimensions for both 
large and small diameters and the 
length are given. The tolerance zone 
specified by these three dimensions is 
represented by Fig. 3(D). Since no 
tolerance for the taper is given in 
sketch (C) the interpretation can be 
placed on the drawing that any part 
falling within the tolerance zone will 
be acceptable. The angle for the taper 
could then vary from that represented 
by line 4B’ to line 4’B. Thus the tol- 
erances on the diameters can cause a 
considerable variation in the angle of 





the taper, which must be carefully 
checked by the designer to make cer- 
tain that it will be acceptable. 
When dimensions are made to cor 
ners as in Figs. 3(B). and (C), it is 
understood that the theoretically sharp 
corner is referred to. Actual measure- 
ments on a part must be made by 
means of rolls. or by a comparator 
since a theoretically sharp corner does 
not exist. When.a fourth dimension 
is placed on a drawing for a taper, 
ambiguities immediately arise. For ex- 
ample, suppose an additional dimen- 
sion for the small diameter would be 
given in Fig, 3(B). Examination will 
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Fig. 4—Methods of specifying positional tolerances, 


indicate that a variety of interpreta- 
tions can then be placed on the draw- 
ing and much confusion ensue. 


Positional Tolerances 


Tolerances for the positional fea- 
tures such as parallelism, squareness, 
concentricity, and flatness must also 
be placed on the drawing. The con- 
trol of such features presents the most 
troublesome phase of proper dimen- 
sioning procedure. Such information 
must be provided by notes. Attention 
must be given to the wording in order 
that no ambiguities or misinformation 
may appear on the drawing. 

A view of a body with notes for 
squareness and parallelism is given in 
Fig. 4(4). Should these notes be 
omitted from the drawing, it would 
still be necessary in the manufacture 
and inspection of the part, to have 
limitations for the permissible varia- 
tions in squareness and parallelism. 
The tolerances on the dimensions will 
form the zones of Fig. 4(B). The 
drawing without notes would then be 
interpreted as meaning that any part 
falling within the tolerance zones of 
Fig. 4(B) would be acceptable. It is 
seen that this interpretation will give 
a different set of conditions for square- 
ness and parallelism than the limita- 
tion imposed by the notes. 

An example of a note for the varia- 
tion in the concentricity of coaxial 
cylinders is given in Fig. 5(4), while 
the tolerance zones are shown in Fig. 
5(B). Since the eccentricity of the 
axis of a body mounted on centers is 
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(A) Example of note 
covering run-out 








(B) Tolerance zones 
for cylinders 


FIG.5 








Fig. 5—Method of specifying concentricity of co-axial cylinders. 
Fig. 6—Limitation of waviness determined by tolerance zone of surface. 


one-half the indicator run-out, the 
maximum displacement between the 
axes of the cylinders of Fig. 5(4) is 
equal to 0.001 in. If the note is omit- 
ted from the drawing and the part 
made to fall within the given toler- 
ance zones, Fig. 5(B) shows that a 
maximum eccentricity of 0.002 in. 
between the axes of the two cylinders 
would be possible. 

When necessary, the permissible 
deviation of a surface from a true 
plane must be marked on the drawing. 
When the drawing is not so marked, 
the interpretation is sometimes made 
that the waviness, or departure from 
a true plane, is limited by the toler- 
ance for the location of the surface as 
illustrated in Fig. 6. An uncertainty 
arises when a surface of the part is 
used as the datum, since no tolerance 


zone can be given for such surfaces. 

When many positional features 
must be specified the notes become nu- 
merous and bulky. To produce a 
more clean-cut drawing, various sys- 
tems of symbols have been devised as 
a shorthand method for conveying the 
needed information. Lack of agree- 
ment on the type and usage of the 
symbols, as well as lack of understand- 
ing of their meaning on the part of 
workmen, has hindered progress in 
this direction. 


Inspection by Fixed Position Gages 


Holes and other features of a part 
are frequently inspected by means ot 
fixed position gages. These devices 
may have peculiar characteristics such 
as the possibility of passing parts that 
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are not in agreement with the draw- 
ing. ‘he manner in which these situa- 
tions can occur is illustrated by the 
tollowing simple example involving 
the inspection of hole centers. 

A part with two holes is dimen- 
sioned as in Fig. 7(4). The size of 
the individual holes will be checked by 
a simple go and no-go plug gage. Sup- 
pose the spacing of the holes is to be 
checked by the fixed gage shown in 
Fig. 7(B). The dowels have the same 
diameter as the maximum bolt to be 
used for attaching the mating part. 
For a part with both holes at the mini- 
mum permissible diameter, the maxi- 
mum and minimum center distances 
that the gage will pass are shown in 
Fig. 7(C). The part is seen to be 
satisfactory and in accord with the 
drawing. 

On the other hand, a part may have 
both holes at the maximum permissible 
diameter giving the limiting values 
tor the center distance shown in Fig. 
7(D). These distances are seen to be 
vreater than those permitted by the 
drawing. In fact the center distances 
ot all parts passed by the gage will ex- 
ceed the limits of the drawing except- 
ing only those parts having both holes 
at the minimum diameter. It should 
be noted that any part passed by the 
gage will assemble with any other 
part that has also been passed. The 
difficulty consists entirely in that the 
dimensions of the accepted parts will 
not be in agreement with the drawing. 

If the designer attempts to remedy 
the difficulty by increasing the toler- 


ance on the hole centers to plus and 
minus 0.01Q in., Fig. 7(C) and (D) 
will remain unchanged and a part 
passed as in (D) will not be in agree- 
ment with the drawing. - No part hav- 
ing holes smaller than the maximum 
will be passed by the gage unless the 
center distance has a smaller tolerance 
than that permitted by the revised 
drawing, and the gage will thus re- 
ject good parts. Two of such rejected 
parts, although in accord with the 
drawing, probably could not be as- 
sembled because of lack of room for 
insertion of the bolt. The most ex- 
treme case combining minimum size 
holes together with maximum and 
minimum center distances is_ illus- 
trated in Fig. 8. Here it is seen that 
a bolt having a diameter of 0.990 in. 
is the largest that can be used. 

The examples discussed in the fore- 
going used a tolerance, plus and 
minus, on the center distance equal to 
the difference between the maximum 
bolt diameter and the minimum and 
maximum hole diameters. Had some 
other value been used for the center 
distance tolerance, somewhat different 
conditions in the fit would have re- 
sulted. 

The drawing should always be 
checked to make certain that, on as- 
sembly, parts with the minimum di- 
ameter holes, one part with holes at 
the maximum center distance, and 
the other with holes at the minimum 
center distance, will pass the maxi- 
mum diameter bolt. If for any rea- 
son the requirements of accuracy will 

















Fig. 8—Effect of revised tolerance on 
iocation of minimum holes at maxi- 
mum and minimum center distance. 


not permit the use of parts passed by 
the gage, but beyond the dimensions 
of the drawing, some other, and per 
haps more expensive, methods of in- 
spection must be used. 
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Fig. 7—Surface obtained by use of fixed position gage for inspection of hole centers. 
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Magnetic Template Tracing 
Increases Accuracy of Shape-Cutting 


OXY-ACETYLENE shape-cutting machines must accur- 
ately trace the desired template and impart a path of motion 
to the machine that is an exact reproduction of the pattern 
profile. Second problem is to prevent errors in the machine 
from distorting this motion. Backlash, lack of vertical, hori- 
zontal or torsional stiffness and distortion in the carriage 
rails could each introduce errors that would make cutting 
heads deviate from the traced pattern. Line tracing with a 
motor-driven hand-controlled wheel is further subject to 





human errors. Strip template tracing is accurate to + 0.020 
in. or less but preparation and maintenance of accurate strip 
templates is time consuming. Although the Oxweld machine 
uses line, strip template and magnetic tracing methods in- 
terchangeably, a magnetic tracing head is the most precise. 
Single blowpipe accuracy of + 0.010 in. and four-blowpipe 
accuracy to + 0.0150 in. are claimed for the Oxweld Type 
CM-41 machine built by the Linde Air Products Company, 
Newark. Aluminum castings give lightweight rigidity. 
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Upper carriage front 
whee! and brake 
assembly housed here} 









Upper carriage rails are 
ground from cast magnetic 
(for magnetic chucking.) 
Stairdess steel 

















Magnetic tracing head. Knurled tracing 
roller is not visible. Template is not present 























Speed regulator adjusts tracing head r.p.m. so that ting process is a function of speed. A magnetic force 
the cutting rate will be correct for the thickness of of 35 to 40 lb. holds the knurled tracing roller against 
material. The drive head must impart constant velo: the template as the roller rotates along template 
ity to the tracing wheel or roller because the gas-cut periphery, thus moving carriages and blowpipes 
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Upper and lower carriage tracks each consist of 
a V-rail and a flat rail. Single V-rails are used 
so that only one element need be established as 
a guide constant and the relationship of the two 
mating rails to each other is therefore not critical. 
Upper carriage can roll 51 in. normal to lower 
The lower carriage is limited in travel only by 
the length of rails employed. Wide rear base on 
the lower carriage resists the crabbing action, 
which increases as the tracing head acts nearer 
the front rail thus lengthening the moment arm 


Scrapers are mounted on the rails to remove grit 
and add a slight amount of friction that minimizes 
backlash. Bottom carriage rails are cast iron. 
Upper carriage rails are stainless steel (not 
shown). The rear bottom and left upper rails 
are 90 deg. V-shapes; mating rails are flat-topped. 


Tracing (continued) 
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Line tracer 
Interchangeable with template 
and magnetic tracers 











Driving head is fully differentialized for use with the 
double-trunnion, strip-template, tracing head. Thus when 
rounding a curve, the trunnion speeds change but the axis 
of the head that traces the center line of the strip- 
template moves at a constant speed. Strip template 
tracing, line tracing and magnetic tracing heads are 
interchangeable and driving head height is adjustable. 
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Template Tracing (continued) 
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Each carriage is a single casting so that the warpage weight. Overall structural problem is to achieve maxi- 
possible with bolted sections will not occur. Large mum rigidity, yet keep weight low. Both carriage 
box-type cross-sections are designed for high torsional castings are aluminum to reduce inertia forces that 
and bending stiffness to obtain rigidity with light might affect tracing accuracy on curves and angles 
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INTERNAL 
formerly 


sleeves, 


machined from solid 
brass bar or castings, are now made with 
a method that is essentially stamping. 
Where close accuracy is not required the 
method greatly speeds production, effects 
a 50 percent cost savings, in addition to 
conserving critical materials. 
nique has been developed by the Toledo 
Stamping and Manufacturing Company, 
Toledo in producing fuse parts. 
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Center of keyway fo 
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on thread dimensioned. 
Ke yway to be milled 
after bushing 
is brazedin 


Make from C.R.strip 
stee/ 47-S-/l edge 
ro/led to 0.446" 40.005 
x 0./00" thick (commercial | | | 
tolerance allowed) —> ee 


Seam we/d or spot weld 


securely before brazing 
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‘Q250 — or wei 2 holes 


DEPTH SETTING SLEEVE 


0.100". be Optional: 








PRODUCT DESIGNS 


Threads Made By Stamping Process 


Depth setting sleeve on the hydro 
static fuse is drawn from 0.089 in 
H.R. sheet steel, SAE 1010. Seven 
drawing and two annealing opera- 
tions are required. Threads art 
formed from C.R. strip steel, SAE 
1010, 0.10 in. thick, edge rolled to 
0.446 + 0.003 in. wide. The coil of 
threads is inserted in the sleeve, 
spot welded for location, then cop- 
per hydrogen brazed. The adjust- 
ing bushing, 0.1046 in. wall thick- 
ness, made of H.R. D.D. steel, 





Cops per hydrogen braze al/ joints. 
inc plate 0.0005" min. or Amalsoy 
plate. Remove 4urrs. 


This keyway fo wood 
n line with 

starting point 
of thread 
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be ——{67/ 40.0/0" > 


Ari lf, 
2 holes 


—— 


0.03"R. 
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HYDROSTATIC*®FUZE: 


ADJUSTING BUSHING 





t0005" Clinch bushing as z ; : ’ . 
ae shown. Inductior SAE 1010, requires five drawing 
2.800 10.015 ~ Silver braze or harn and one annealing oper ations 
torch braze. Seam . sei il . 
0.532 t0.010° — weld ad justin 
ao wee | thread when this 
43"t0.005” method is used. 
vette Hydrogen braze not 
required on thread 
<-- 3.062° 40.005 — 4 Pitch =0.900 Major diameter of thread 
~ - to start here, 
1. Ww . = W ™* | 
SFIS_ S 556 40.003” ie | 
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Exterior View 
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PRODUCT DESIGNS — 





Tuned Air Columns 
Induce Resonance 


For Fatigue Testing 


TUNED AIR COLUMNS yibrate the test piece at its own resonant frequency 
to simulate dynamic loading conditions of reverse bending. The fatigue motor 


uses an opposed cylinder-type driving mechanism. Small lightweight pistons are 
fastened to the test piece, which is then positioned so that the pistons are located 
between the openings of the two opposed cylinders. Air pressure impulses from 
the cylinders vibrate the specimen. By changing the length of air path until 
impulse frequency matches the natural frequency of the specimen, maximum 
amplitude is produced. An induction furnace is placed around the specimen for 
high temperature testing. Originally developed to test turbine buckets, the 
Pneumatic Fatigue Machine is built by the General Electric Company, 


Schenectady. 








Cylinder 
support - 


Air inlet 
rbine bucket 7 


Heating coil used 
if desired to fatique =< 
@ specimen at certain 
temperatures 











Single Cylinder Pneumatic Fatigue Machine 


Cylinder has clearance sufficient to avord 
contact with piston during operation--7 


-Cover placed over 
i turnace to prevent test 
Piston | oer trom affecting 

- temperature 


) 














FY 


-One inch bo/t 








./nsulation 


Add 
N 
‘ 
4 
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Base plate 

















Initial development was a single cylin- 
der machine equivalent to directing an 
air hose on a vibrating reed. The air 
cylinder, mounted coaxially with the 
piston that was bolted to the free end 
of the turbine blade, had just sufficient 
clearance to avoid contact during oper- 
ation. Air led into the cylinder in 
creased the pressure until the piston 
was forced out leaving an air gap be- 
tween the two. As _ air. pressure 
dropped, the spring action of the 
bucket, acting as a cantilever, forced 
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the piston back into the cylinder until 
the cycle was repeated. Frequency was 
determined by the natural frequency 
of the cantilever and amplitude was 
governed by air pressure. With this 
unit 900,000 stress reversals per hr., 
up to 80,000 Ib. per sq. in. and ampli- 
tudes of 0.20 in. were produced, but at 
stresses below 20,000 lb. per sq. in. 
amplitude varied in a regular pattern. 
Two frequencies were occurring; reso- 
nant frequency of the specimen and 
resonant frequency of the air column. 
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Torsional Fatigue Machine | 
Horizontal Section and Side Elevartion 









A «Sliding tube tuning 
Ky adjustment 


-—-- Cylinder 


> ----- Flywheel 





_---Test piece 


0.500" dia. 


O} _-- Clamp 


Torsional fatigue is accomplished with 
a variation of the basic machine, shown 
above. Frequency-stress reversal curves 
show that before a visible crack appears 
there is a gradual decrease in frequency. 
X-ray tests made at a time when the 
frequency deviates from initial natural 
resonance value reveal no cracks, but 
a continuation of stress reversals will 
cause the crack to grow and become 
visible. This deviation point is believed to 
indicate incipient failure. It has been 
found that this point in brittle materials 
occurs at relatively few cycles before 
total fracture, but in ductile materfals 
the spread between incipient and total 
fracture may be as much as 30 percent 
of the total number of reversals re- 
quired to cause total fracture. 
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implitude measuring te/lescope-, A more stable machine was evolved 
; x Frequency pickup -—Temperature using opposed cylinders. Test piece 

rietOne. \Yy ' coil mounted | contro/ receives an impulse every half cycle 

ylineer adjustable ~~. ! on piston instead of every cycle. Two cylinders 


yxtally to suit specimen 












connected to a common manifold, re- 

Furnace -~___ Frequency — --Frequncy ceive air at constant pressure. Total 

noler alignment... “," meter =~" indicator air path from mouth of one cylinder 
adjustable vertically | back through the tubing to the mouth 

, oe naoetainel™ Pressure | of the other cylinder is made equal to 


controlvalve | one-half a wave length of sound, at 


| the frequency of the test specimen. 
| Thus air impulses are 180 deg. out of 
| phase. By adjusting sliding tube tuning 
device the length of air path can be 
made to produce the frequency of 
the piece under test. This machine 
produces stresses up to 100,000 Ib. per 
sq. in. With 2 lb. per sq. in. pressure 
it can cause 40,000 Ib. per sq. in. stress 


Mercury 
: manometer 
Half wavelength tuning device changes 


| 
length of air path to vary frequency 











° Welded Steel Tubing 

























7 Improves Truc 
p Truck 
ee/ 
Body Construction 
y Construct 

mp 

Standard sizes of square and rectangu- 
th lar steel tubing are welded to form 
mn custom truck bodies. The steel body 
eS is claimed to be 25-30 percent lighter 
rs and 50 percent stronger than the 
y. wooden type. Bolts, fittings, corner 
1€ angles and gussets, needed for wood 
al bodies, are not necessary in welded 
ut construction. Assembly is speeded and 
ill simplified, particularly when the cus- 
1€ tomer requires non-standard door sizes 
to or unusual door locations. Maintenance 
n is reduced and repair is a simple weld- 
Is ing job. By using only a few stock 
re sizes of tubing, the cost is said to be 
Is less than that of wood construction. 
al The Cliffside Body Corporation, Cliff- 
nt side, N. J. builds these custom truck 


bodies from 1% x 1% in. and 1¥Y in. 
square sections of 16 gage steel. 
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Squeeze Action By Hydraulic Pressure 








Simplifies Washer Design 


ONLY 34 parts move in this automatic 
home laundry that damp dries clothing by 
squeezing them between a rubber sheet 
and a perforated steel wall. A 90 deg. 
oscillation of the tub, 144 strokes per min. 
continues throughout entire cycle. Since 
a high speed spinning action is not used, 
the washer does not need to be mounted 
in concrete or bolted down, nor is the 
mounting level critical. Ten lb. of clothes 
are cleaned with one filling of hot water. 
The hydraulic squeezing action is said 
to remove 92 percent of the soap, so 
that cold water can be used for the rinse. 
Dirty water and scum flow off the top 
of the wash rather than bottom drain; 
thus dirt does not settle back on the cloth- 
ing. The Akka Top-Flow Automatic 
Washer is built by the Appliance Corpo- 
ration of America, Milwaukee. 



















Clothes ~~~ oe \ 
loosely ner , 
suspended as. ; I 
in soapy § Fin provides ‘ 
water agitation ) 

auring | P 
Oralancte oscillation : 
Pump --—" . 

_- Washing 
| 
Wash water expelled 
through perforated door 






































Clothes ¢ : ; 

under “Flexible Rinse wotter ~~ 
ae uniform liner automatically 
ay_—‘Ver/b/e liner squeeze-/ f = enter 
- JS. pressure 
“W's of 150 1b, 
: Per 8g. it. 5 
Dresivtsiie i Drain -+~- 
° —— 
Pump Pump-~ Fump-~ 
Expelling dirty water Squeezing 
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Upper hemisphere 
deep drawn of g in. steel 


Sliding odioor 
s-in.aluminum perforated 
with 144 holes, % ind 





Chime or clamp ring 


of steel Synthetic rubber 242 in. high horseshoe [Se 
scrubbers, 2Y2 by 6 in, rib agitates water We 
aid washing action during oscillation henttindia 
emispheres 


Steel hemispheres are dipped in a molten nonferrous alloy after fabrication. 
Sliding door is aluminum, scrubbers in upper hemisphere and rubber liner 
in lower one, are of synthetic rubber. Diameter of sphere is 19 inches. 


Flexible liner 
synthetic rubber 








Perforated top floor 

when clothes are sqiee. 
dirty water flows off 
Sphere or tub in which ~ 
. ° clothes are washed, 
rinsed and damp- 
dried, — oscillates a@ 

















Lower hemisphere 
fitted to main shaft by 
flanged steel socket held 

























































ee 
by taper key and locknut { quarter turn I44 2 
cH = times a minute ‘ 
nae fe luring the cycle 
— Flexible liner 
A motor and six assemblies comprise the is contained 
Akka Washer; cabinet, sphere, transmission in this lower 
, . part of sphere 
and control, pump, frame and plumbing. Mechanical automatic 
Clothes are washed in the tub consisting of controller Ya hp. standard 
two steel hemispheres, with a rubber lining washer motor 
for the bottom half only. This lining also with automatic 
acts as a gasket for the hemisphere joint. Rinse valve belt take-up 
Washing and rinsing take place in the sphere 
made by upper steel hemisphere and the ii small Drain pump 
rubber liner. Water is introduced between jn ane ested 
: "mg geo A Hydraulic booster 
the rubber liner and the bottom sphere to in oil in this pump raises 
perform the squeezing operation. When city gear case -— city pressure to 4 
water pressure has moved the liner as far as 150 Ib. per sq. in, 
possible, a booster gear pump continues to , 4 
raise hydraulic pressure until a relief valve has Shar chet salen: \ i Maw dee veel ; 
opens at 150 Ib. per sq. in. ¥ 
Py Rinse water expelled 
4 itn pee through perforated door = 
eS overflows (Tae == 4a 3 liner Rae 
a through per- op A SJ . | - Yamp ary 
Vit | ferareo’aoor beatae y 2 yt” clothes des- 
xi ble a?) eo Hydraulic cending to 
xi a ¢ : ; by positive YY 
ner NY 4 Flexible /iner ver ear pressure of bottom of 
AK } rising pectinases 150 /b.sq.in sphere 
m2 squeeze i aie 
- bd . s 
=~ . ed ‘\ * . 
pal q ty Water entering Water between“ Ylexible liner 
or Om between flexible linerand sphere \€ descending 
- : liner and sphere : arained out by 
by Pulp TEM ~~— 3 Drain-—- pump 
Dac ielo) 7 5 Drain 
Fump-~ | Pump 
OD IIT TTI “uu iddddddditéé WU hddddidddddddliddidddddd 
77 . : * 
Expelling rinse water Drying Completion of cycle 
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Washer Design (continued) 





Five car disks stamped from 
stee/, These cams are advanced 





Rinse va/ve 





Motor switch 


Upper ratchet 
rotates free/y 
on contro/ 

Shatt —__ 


Lower ratchet 
Plate welded 
to control shaft —_ 


Main shatt li in. Ata. 
seated on ba// 
thrust bearing —~ 


Crank arm, 
forged 


| ea 


| Linkarm, — 
forged stee/ 


i deg. helix pinion ba 
ariven by pulley Psi 
and V-belt from _//” sat 
motor ee oe ee 
ana Control 


Paes ol shaft 

























by rotation of the control shaft Pd 


Water contro/— Starter controk This 
handle positions the 
tixed ratchet on the 
contro/ shat? thus setting 

\. the washing period . 


Door a, 
\ \ 
a 
+ 


Glass port 





Drain va/ve 





rolled — 


, 
Main 
wrapper 


ilies. x _— tor 


va/ve 


a 








sheet S 
3 
a 
Contro/ shaft re 
Bulkhead % 
f x § 
Once each revolution 2 
the paw/ falls into Main 
this deep tooth notch ( bearing 
going in deep enough (; Ssupporty! 
to engage the /ower 
ratchet plate, thus 4 
advancing lower leg._! & 
ratchet one tooth ee 
7 oe 
“Pawl moves each _ Orain none * 
time the main shaft screen wrapper * 
oscillates opening . 
: Base 
(Orain bs % 
screen ‘S 
1s olfe-cast) N 
Hinged ¥ 
astiron gear case molding 


seals transmission 
and ratchets in ot/ 


Cabinet is finished in white porcelain 
enamel. All interior surfaces are coated 
in a plastic, waterproof, sound deadening 
material. An interlock rod prevents the 
machine from being started unless the 
sphere door and glass door are closed 


Bu// gear turned by 
pinion and producing 
oscillation through 
eccentrically 
mounted crank arm 








Transmission and control are mechanical. A 
pinion gear driven by pulley and V-belt from 
motor, turns the bull gear that oscillates the 
main shaft through an eccentrically mounted 
crank arm. Control shaft carries an upper 
ratchet freely mounted and a lower ratchet 
welded to the shaft. A pawl operated by the 
main shaft, acts on upper ratchet plate to 
advance the lower ratchet plate one tooth every 
42 sec., thus periodically advancing the control 
shaft. On the upper part of the control shaft 
are five steel cams. Four of these operate fol- 
lowers that open and shut four spring loaded 
bronze water valves. The fifth cam operates the 
single pole, single throw switch that starts and 
stops the motor during the cycle. 


Drain pump shaft carries a die cast impeller. 
Below it is the gear pump that builds up 150 
lb. per sq. in. pressure for the squeezing opera- 
tion. The gear pump has a driven gear, idler, 
gear plate and two side plates. The gears are 
stainless steel, nitrided. The housing is die cast. 
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ae see S Be 


Main shaft — sphere = 
ma keyed on here 
Ks | Main bearing support 
? i~ 


i 


Ee Control! shaft 







ge 


Only one of 
F the contro/ 
3 cams shown 


| 


Feet 






Transmission 


Leg 


Drain pump and gear 
ReunP are mounted 
~frside diecast housing 
: assembly is mounted on this 
/ hinge pin and! spring-loaded 
‘tnaintain even belt tension 








Transmission and 
pump pulleys are 
Base driven by V-belt 
trom Ya hp motor * 
a 
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Condenser Discharge 
Reflects R. P.M. 


The spindle on this electric hand tachometer oscillates a switch 
to reverse condenser polarity so that r.p.m. are reflected in charges 
per minute. Several advantages accrue: Overspeeding or changing 
the range while operating does not damage the circuit; meter 
observation is not affected by spindle vibration since meter and 
spindle are separated by a cord; direction of rotation does not mat- 
ter; difficulties of the generator-voltmeter type tachometer such as 
the influence of magnetic fields, errors in brush positions, calibra- 
tion of the cable connections and high maintenance costs are 
avoided. Power source is a self-contained flashlight battery. 
Instrument range is 100 to 10,000 rp.m. The Electric Hand 
Tachometer, is built by the Metron Instrument Company, Denver. 


PBB BBB LPP 


woos oro ooo ooo occ cccocooPRODUCT DESIGNS 








Spind/e--- Eccentric pin~_ 


ea 

















Rotation j f 
in etther Permanently lubricated 
oAirection bal/ bearings 





— 
(MN < , 





p--Silver aetloy contacts 
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‘ 
/ 
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1m 





@) 
pn) 
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, 
4 
. La 
/ 
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‘Beryllium copper switch 
blades 





Scotch yoke-—-- 








Mounted in a separate head, the spindle operates a double- 
pole, double-throw switch that reverses the polarity of the 
condenser discharge. R.p.m. are registered as charges per 
min. and, in this meter, as average current per min. Driving 


torque does not exceed 3 oz.-in. No gears or parts rotate 
other than the single spindle. The small spindle head can 
be used in cramped spaces. The same principle has been 
applied to recording tachometers. 





Tachometer head 
(Reversing switch only) 











—T Milliammeter 
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Condenser 

















) a, 





Switch blades oscillated 
by rotation of tachometer spindle) 








Meter reads average current from a series of discharges be- 
cause of the inertia of the moving element. In the usable 
range, successive discharges occur rapidly enough to hold the 
needle in the position induced by the previous kick. Circuit 
values are such that the accuracy is not dependent on time 
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of contact dwell or on contact resistance. The current drawn 
is under 0.001 amp. when the spindle is rotating. Battery life 
is said to be 2 to 3 years. The calibrating circuit, not shown 
above compensates for voltage variation. 
within one percent of full scale is claimed. 


Accuracy to 
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Telescoping Lift Fork Truck 


Hydraulic rams raise each section of the telescopic lift 
separately to give a stacking range from floor level to 130 
in. The forks raise to the top of the upright before the 
latter begins to extend. A pneumatic controller automatic- 
ally advances the electrical drive through the four horizontal 
speeds. The brake is interlocked to the swivel mounted 
seat so that the truck cannot move until the operator is in 
place. Collapsed height of the truck is 83 inches 


Gas Room Heater 


The Saf-Aire gas heater operates on natural, 
manufactured or liquified petroleum gas ani is said to 
be explosion proof, fire proof and asphyxiation proof. 
The heater is of the panel type. It may be installed 
in any outside wall between studs. projecting only 
about 4 inches into the room. Objections to space 


da 


oa 
' 
; 





Muncie, Ind 


lating DV gas are overcome through the use 
of the Lundstrom Safety Vent. Through this 
device air for combustion is drawn from the 
outdoors into a sealed combustion chamber and 
oxygen from the room is not consumed. All 
gaseous fumes are exhausted to the outer 
atmosphere \ small plaque located on the 
exterior wall of the building carries the vent 
terminal for air intake and exhaust 


14 


Manufacturer: Automatic Transportation Co., Chicago 




































Fully-Automatic Two-Stage Compressor 


Deep fins cast integral with cylinder head and cylinders increas« 
heat dissipation of this two-stage compressor. Fan-type flywheel 
drives air past fins of copper intercooler that cools air between 
stages. Motor and compressor are mounted on a steel base elec- 
trically welded to an 80 gallon tank. Centrifugal type unloading 
valves automatically control compressor to forestall motor burn-out 





Manufacturer: Hobart Brothers Co., Troy, Ohio 


Propucr ENGINEERING —'FEBRtaRY, 1947 



























-PRODUCT DESIGN BRIEFS 
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Manufacturer: Consolidated Vultee Aircratt Corp., Wayne, Mich. 


Cabin Interior 


\n ethcient and pleasing cabin layout has been achieved in this 
4-place Stinson “Flying Station Wagon.” Cabin light and loud 
speaker are combined in the single dome fixture. Cloth cor 
foam rubber front seats have a vinyl! plastic reinforcing ove 
of heavy wear. Rear seats can be removed to carry ©00 
baggage. The radio, for commercial and airway bands { 
front of the pilot at the left of the instrument panel \ glove 
compartment is on the right. Satin finish metal fittings are used. 
Cabin insulation is 120 sq. ft. of glass fiber, weighing a total of 
2} lb. Conditioners deliver heated fresh air or cool outside air as 
desired through one rear and 2 front grills. The styling and 
layout are by Henry Dreyfuss. 


Improved Handle Design 


Separate sockets or rivet holes in the pesco- 
lator are obviated by the handle design. Three- 


piece handle is transfer molded from a phenolic 
plastic which has a low rate of thermal con- 
ductivity and remains unaffected by relatively 
high temperatures. The self-insulated pieces 
are placed directly against the body and are 
held to it and to each other by a stainless steel 
band. Broad bearing surface of the handle at 
its juncture with the body provides rigidity. 
Body and cover of the product are fabricated of 
aluminum; Cover knob of heat resistant glass. 
Product design by Peter Miller-Munk. 


m IO 


Manufacturer: Hartford 


Products Corp., Hartford, 
Conn. 
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Generator and Three-Speed 
Gear in Bicycle Hub 


Inside a single shell at the rear hub a 2-watt, 6-volt generator 
and 3-speed gear are mounted independent of each other yet 
saving 10 oz. weight over two separate units. Generator unit 
weighs 44 oz. and can be removed by taking off one nut and four 
screws. Cable-controlled gear allows selection of direct drive, 
33 1/3 percent increase, and 25 percent decrease in speed ratio. 
























: Raleigh Cycle Co., Nottingham, En 


fi 
land 


r 





Aluminum Shower Base 


A single casting of solid aluminum comprises the shower 
base. The baked crackle enamel finish minimizes slipping. 
Several colors are available. Installation takes about 30 min. 
The size of the shower base was selected by studies of normal 
body motions during a shower. This size, just under a yard 
square is said to avoid waste space, and yet not be too cramped. 





Manufacturer: Brush 
Development Co., Cleveland 


Paper Dictation Records 


The human voice is magnetically recorded and I 

reproduced on inexpensive paper disks coated with ti 

an iron-oxide emulsion. A previous impression can b 
be “erased” by applying a magnet to the surface v 


of the record as it makes one revolution on the C 
13 lb. recording-reproducing machine. Each blank 
record allows the speaker to spend three minutes 
in dictation. The records are mailable. 


Peek ‘ a ec 
Manufacturer: Northrop Aircraft, Inc., Hawthorne, Calif. 
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Some Design Considerations 


For Electrical Contact Operation 


R. B. IMMEL 


Design Engineer, Industrial Control Engineering Department 


Westinghouse Electric Corporation 


Causes of arcing of contacts are discussed and proper mechanical design is shown to be 


essential for best contact operation and life. Methods of reducing bounce of contacts, char- 


acteristics of contact materials, loss and transfer of material in contacts, and an engineering 


comparison of three different mechanical designs of a d.c. accelerating contactor are included. 


THE useful life of electrical con- 
tacts is determined to a great extent 
by the degree of arcing that occurs 
when the contacts close or open a 
Circuit. 

The principal cause of arcing when 
contacts close to energize a circuit 
is the rebound or bouncing of the mov- 
ing contact off of the stationary con- 
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tact. Also, a wiping or sliding action 
between the moving and _ stationary 
contact surfaces produces some arcing 
as the point of contact is transferred 
from one point to another. Because 
the magnitude of the contact bounce 
or wiping action is directly determined 
by the mechanical design of the con- 
tact operating mechanism, careful con- 





sideration is given to the mechanical 
design of contactors to secure a prac- 
tical and good contact performance. 


Reducing Contact Bounce 


In general, the moving contacts of 
electro-magnetically operated relays 
and contactors are moved extremely 
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rapidly from one position to another. 
During the closing of a contact, the 
kinetic energy of the moving contact 
assembly often produces contact 
bounce. Sometimes the bounce can be 
reduced by making the moving con- 
tact assembly as light as possible, or 
by utilizing a relatively high initial 
contact force, or by decreasing the 
contact velocity to a minimum prac- 
tical value. 

For very large contactors, it is 
often impractical to reduce the mov- 
ing contact mass to a low value be- 
cause the moving contact structure 
must have suffcient strength and rig- 
idity to prevent deformation. Also, 
the contact structure must have suf- 
ficient current carrying capacity and 
thermal capacity for the current rat- 
ing. It is usually difficult to slow 
down the operating speed of a mag- 
netically operated relay or contactor, 
particularly, if the mass of the moving 
parts is relatively small. 

For small relay contact mechanisms 
it is sometimes feasible to reduce the 
moving contact bounce and chatter 
by utilizing an energy absorbing sys- 
tem that dissipates the kinetic energy 
of the moving assembly. For exam- 
ple, kinetic energy can be dissipated 
effectively in the form of heat by 
causing the particles of a very dense 
and finely divided powder, such as 
tungsten, to slide over each other. 
One method of using this type of en- 
ergy transfer system is to mount the 
moving contact on the end of a com- 
pletely inclosed tube that is partially 
filled with powdered tungsten. Usu- 
ally it is not economical to use this 
anti-bouncing means on large contact 
assemblies since the cost of tungsten 
is quite high and considerable space 
would be required for the assembly. 

Fortunately, there is usually some 
friction in the moving contact assem- 
bly. This helps to reduce the magni- 
tude of the contact rebound and to 
dampen the contact oscillation. 


Contact Material Characteristics 


The contact performance is also 
affected by the material used in the 
contacting surfaces. Some of the fac- 
tors that should be considered in 
selecting a contact material are the 
specific heat, thermal conductivity, 
specific resistance, temperature coefh- 
cient of resistance, melting point, and 
the mechanical hardness. For a prac- 
tical and economical design, the ease 
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of working and the cost of the contact 
material must be taken into consider- 
ation. 

A material, with a relatively high 
specific heat value will have a large 
thermal capacity. This characteristic 
helps to limit the temperature rise of 
the contact surfaces. 

A contact material that has a high 
thermal characteristic 
will provide rapid transfer of heat 
from the contact surfaces to the con- 
tact supporting members. An efficient 
transfer of heat will decrease the 
contact surface temperature rise and 
minimize the possibility, or degree, ot 
oxidation. 


conductivity 


A contact material with a relatively 
low specific resistance value will re- 
sult in a minimum voltage drop 
across the contacts. 

A material that has a low tempera 
ture coeficient of resistance, prevents 
the resistance of the contacts from 
changing appreciably with an increase 
in current and temperature. 

A high melting point for a con- 
tact material minimizes the possibility 
of the contacts welding or sticking 
together. It also reduces the trans- 
fer of the contact material during the 
arcing that occurs on closing or open- 
ing of a circuit. 

Relatively high hardness of a con- 
tact material provides resistance to 
mechanical wear. 

Unfortunately, the contact mate- 
rials now commercially available do 
not possess all of the desired charac- 
teristics. Contact materials such as 
copper, silver, and gold have the best 
thermal and current conducting char- 
acteristics but usually have a com- 
paratively low tensile strength, hard- 
ness, and melting point. Conversely, 
elements or alloys, such as tungsten, 
molybdenum, platinum, and platinum- 
iridium have a high melting point and 
hardness. As compared to the first 
group, this latter group is relatively 
expensive and the specific resistance 
is high. Every practical contactor or 
relay contact design is generally a 
compromise between the characteris- 
tics desired and those that can be 
economically obtained. 

Fine (pure) silver is an excellent 
contact material for many applica- 
tions because it has a reasonably high 
specific heat value, the highest ther- 
mal conductivity characteristic, the 
lowest specific resistance value of the 
elements, and is reasonable in cost. 
For some applications it may be un- 





suitable since it is relatively soft and 
has a low melting point compared to 
other contact materials that are ordi- 
narily used by designers. 

In spite of these two undesirable 
features, silver has been found by 
test and experience to be an economi- 
cal and quite a satisfactory contact 
materials for d.c. and a.c. industrial 
contactors that are rated up to and 
including 50 amperes. 

The operating magnets and con 
tact mechanisms for contactors that 
employ silver contacts are generally 
smaller in size than those for con 
tactors of the same rating that have 
copper contacts. ‘he inherent char- 
acteristics of silver makes it possible 
to use a minimum contact mass and a 
relatively small force for holding the 
contacts together. Compared witb 
copper contacts, silver faced contacts 
may be initially more expensive, but 
the overall saving in the cost of the 
magnet and the reduction in the size 
of the contactor is appreciable. 

Copper contacts have an undesir- 
able characteristic of oxidizing when 
heated. To safely use copper con- 
tacts, the contact mechanism must 
provide a relatively great force on 
the contacts and give some sliding 
or wiping action between the moving 
and stationary contact surfaces when 
they touch or separate from each 
other. Wipe is necessary to keep the 
contact surfaces clean even if it means 
an increase in the mechanical wear. 

In contrast, silver does not readily 
oxidize or corrode in air at ordinary 
temperatures. The presence of a sul- 
phide film or the formation of a 
black oxide on the contacts is not 
usually objectionable as this surface 
film has a relatively low resistance 
and is easily decomposed by the heat 
generated during normal operation. 


Loss or Transfer of Material 


When a typical contactor with sil 
ver contacts is operated to energize 
and de-energize a d.c. circuit, both 
the stationary and moving contacts 
usually lose some material since the 
arc that occurs upon the separation 
of the contacts generally has sufficient 
energy to. vaporize some of the con- 
tact material. Contact material trans 
fer also takes place, but the amount 
of material transferred is relatively 
small compared to the amount lost by 
vaporization. For relatively large 
contact separations, a crater normalls 
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develops in the negative contact and 


material builds up on the positive con- 

tact. Because both of the contacts lose 
considerable material during opera- 
tion, this transfer phenomenon is not 
vey pronounced. 

When contacts only close a d.c. cir- 
cuit and do not interrupt any current, 
a peak often forms on the negative 
contact and a crater occurs in the 
positive contact. 

When contacts close a circuit, there 
is usually some amount of contact 
chatter or separation in even the most 
eficient contact designs. After the 
circuit is initially energized, any slight 
separation of the contacts will cause 
a small degree of field emission and 
some thermionic emission from the 
negative contact, which then functions 
as a cathode. The electrons emitted 
from the negative contact will then 
hombard the anode (positive) contact 
with a relatively high velocity. The’ 
kinetic energy of the electrons is dissi- 
pated in bombarding and heating the 
positive contact. As a result of the 
electrons impinging upon the positive 
contact, secondary electrons and posi- 
tive ions are liberated. 

The positive metal ions then mi- 
grate towards and are attracted to 
the negative contact. As a result 
when the contact separation is very 
small, there is a transfer of silver 
from the positive to the negative con- 
tact. This action occurs only for 


very small contact gaps or separations. 

Another explanation for the reason 
that the transfers from the 
positive contact to the negative con- 
tact is that as the contacts separate, 
the contact force decreases and the 
contact resistance increases. The final 
point of contact is probably heated 
sufficiently to melt the contact mate- 
rial and to form a molten bridge be- 
tween the two contact surfaces. The 
molten particle generally forms on 
the positive contact as it is apparently 
hotter than the negative contact. Un- 
der these conditions and when the 
contacts are further separated, the 
molten metal may adhere to the rela- 
tively cool negative contact surface 
and provide some mechanical transfer 
of the contact material. 


silver 


Motor Starter Circuit 


The selection of the most suitable 
contact material is important, but the 
contact operating means is equally as 
important. The following discussion 
of several contact operating mech- 
anism designs and the test results 
clearly illustrate how the mechanical 
design directly affects the contact per- 
formance. Magnetically operated de- 
vices, or “Timetactors,’ combine in 
one unit the functions of a time delay 
relay and a normally closed contactor, 
have been developed for use as accel- 
erating devices in d.c. motor starters. 





Motor sh. fid. 
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‘A’ Designates the Timetactor coil and contacts 


“M* Designates the line 


contactor coil and contacts 


“OL’ Designates the overload relay coil and contact 


See 





Fig. — circuit diagram of a d.c. motor starter using definite time 


limit acceleration. 
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These particular devices are specific- 
ally designed for circuit closing serv- 
ice only and are applied for continu- 
ous current ratings of 50, 150, and 
300 amp. Silver 
tact material 


is used for the con- 
because it gives the 
smallest and most economical design. 

A typical circuit diagram for a 
d.c. motor starter using a Timetactor 
is shown in Fig. 1. The device pro- 
vides a definite time delay period and 
then shorts out the starting resistor 
at the termination of the definite time 
acceleration period. 

To start the motor, the start push- 
button is depressed thus energizing 
magnet coil 4. Energization of coil 
A operates the Timetactor to open 
the main contact 4 that is in parallel 
with the starting resistor. This places 
the starting resistor in series with the 
motor armature to limit the motor 
current. Also, an auxiliary contact 4 
closes the line contacts M and ap- 
coil MW. Energization of coil M 
closes the line contacts M and ap- 
plies reduced voltage to the armature 
and full voltage to the shunt field. 
The starting resistor limits the cur- 
rent inrush and prevents the motor 
from developing excessive torque. At 
the same time that the line contacts 
M operate, an auxiliary contact M), 
de-energizes the coil 4 and initiates 
the time delay period. Also, another 
auxiliary contact M, on the line con- 
tactor closes a circuit in parallel with 
the start pushbutton. The pushbut- 
ton can now be released as the M coil 
can be energized through the M, 
contact circuit. 

Inside the coil of the Timetactor is 
a copper damping tube that delays the 
decay of the magnetic field for a few 
seconds after the coil 4 has been de- 
energized. After a suitable motor ac- 
celerating period, the contact 4 closes 
thus shorting out the starting resistor 
and applying full voltage to the 
motor. 

The motor will continue to run 
until the contactor coil M is de-ener- 
gized by line voltage failure, 
ing of the overload relay, 
of the stop pushbutton. 

It should be noted that the starter 
circuit 1s interlocked with the line 
manner that the 
main contacts 4 are required only to 
close a circuit and never to interrupt 
any current. 

For this particular d.c. motor accel- 
erating device it was found by test 

(Continued on page 112) 


function- 
or operation 


contactor in such 


109 











111g 4s 
fOIOGO f WaftIo? Bits} 
AO! JO {f{O4 Pun 
Of JIedSa4 YIM 
fuailiano0u/ psonadn 
4ybys A419) | 


| 
—?~-+—— 








"9aS ae UI6G 
1 





if ie ; 
fIOZUOD»~ aoys 
ai PLO AY 
{I04U02 j 
AAMDUOLZOLO.. 1 |i eauvey 
. i it 

‘ oyeuboy 

rs } 

| 


A/J L1a8S0 
i“ aunyoulsy 


ir } doyg. If 1 
| { \ 


| 
\ 








‘aol 
| 99404 | 
| /OUly ID4uOd, 
| pio ynoyory| 


vo 
Kk --\ fuiod 
\ | bu1140ag 
A/G usasso 
| Ajqusas 














al a wae 4 


j , U \ 
BIN{OUL AY | aungiousty 
— 4 


—~ 





a , 7 yuiod 
guid A ~bu11oag 
| ~204u02 || “7qgusesso 


burroyy f2nguo2 Buiaopy 

















-++— a * 
Ke | ' a 
j } dose) / 
+ +-—'-~ 
H 
! 
I 





Mieco ‘IIS OF/--=- UIC 
' 44 ' 

i ! 

\ ‘ 

j l 1 

| 





ten **™e2e@ O0O0/.cad fIO7 . 
29S OY, OSC | 
' 
| ' ' 
} y | 
" ‘ TA 
] H 
-— ow; 7 ae ‘PEP meget C4 £28SS27 Y4IM 
yy opty yo. a 4 4 7 + = F f2yio2 BUsIAOUs 4O 
YflAA flUl@LLI@AoeLs f2nyuoo fUPLLIGNOLS YOON) 
pisomdn ¥9012p18U0) COOL YS doys awqVosapisuon Ada 
, > | 


oA ouly 
‘ 


















































EN 


Gaikd bu1s0ag 
AJUSSO I4NYOULY 


B2404 [UL 
YIO{LIOD /Pt110 
JOOYIY BLN UL LY 








i 
et -- j Mt -+—— < —— +> / 
4 —— | dys 4 
| } | a 20404 
| fuiod 6u1102g — = ee 
| Aguiasso | \ Dabo 
Lowjuos Buiropy |e + 
\ 
A/IL«ASSO 1) ‘iN | 
janyuo? Busaoyy |__.\ \I “guess 
the 
% dos — 


— 


| a 


T | Wh 





‘ 
: 
doy 
a4 DiLidy 
f2oyuor i 
A AIOUOIYION S 
‘ 


/ 
/ 
‘ 
‘ 
/ 
wn, 
kp} 























em Joys 
<— \ i 
el. (| ail | S \ 
\ e240 \ | 2704 
| \ | \ pe Bo 
oa \ | /Ouly pul piyauboy 
| |} | \ I) pezer s2equas| \ 7 / 
| e \ puo 4209214! \ 
| | | | \U/ aunpouway Ve i 
” : | | \ | Y \ <}- A/F 41980 
/ | , | TE A | Aiquiessio {_ ef) / —. 
LX Spey 20,002 burroyy ar { 
a OO ime ca — + : 
i| yusod / | 
buis0eg Ajqeusasso ¢ulad buj100g 




















4204u02 Buimoy AJUASSD asyQUldy 





bet tetinctet tied 1 2 tet 


(wp) 


WS1UD4y22a~y 
4ornju0g 
40 4424S 

Aiv,uswi29sy 


(9) 























[20444940 














nyt pIguod 
4S. 
| X 


PIOY{LOD 
























































49O4U0D 

















Ssdoys — 








fIO4uod 5 
Aipuoijoys 











-9/ / 


bead 








Y }- Yaansy40AQ |] 








SS OANYOUAYy 


$2O4UOS o 
Buiaoy 






































=e 


“=> S— 








yonoy 





yono, 








joag 





yonoy uado 

















UOLLISOYG 490j,U0D 


UOIZISOg 4WJUOD 


UOIHISOg 4914U0D 


SUOLEISOG 23044) 

ul Ajquuassy 
qopju0g Buiaoy 
Buymous 4424S 





(q) 











354, dob 





r7% % [PADLL4L9AO 4I9OJ{U0) 





*42104U02, 
! 








‘ 
L-Butads aanssasd 


fOuls fonyuo0> Pun 
PVOYUY PIN{OULY 











\ Buiads aunssadd jorius 4204u0g 


‘+----Buriwag abpa-apiuy aangoursy 


. 


x 


buraoag abpa-ayiiy 4204U02 Buraoy 


WMOB ,— 41 /aAD444OA0 4WO4{UOD 
FHOLLIOD4 | * 
%& a 

















#2n4uos buraoy._ J204UOD 104, 














BANJO AY 


Bursds aanssasd . “seve Buraweg 420ju09 Burney 
Jouy 4y20yu02 pub i 


JNOYIIY 21NpOUsdy bursa abpa-ayiuy esnpousiy 





| 
' 
\ 
' 
' 
i 
i 
' 
t 
' 
' 
\ 





























/ Und 
YoD4uo? . 
buinaoy ~ 


asnssaid -/oUul{ puo 
JOlglUl $204U02 puod 
PIOYI/Y PAN4{OUAY 





buds 


* % 


‘ 


\. bupsw0g ebpa-aziuy 4204u02 Busropy 


. 
. 


“----Buiuag abpa-apiuy ainyously 





r?] 








Vv 








, Aiquiassy sojpowjpous iy 





Jayoojpauuiy, 
azajduu0s jo 
y24aNg pul 
ud e lyse 

jooidA, 


(1) 











SAMGQNAaSSY LOVLNOOD 3auHL dO SIINSAY 1S3al1 INV 


NOISSG N3IaMLAG NOSINVdWOO 

































‘pol “A4eN44e4 “ONIMEANIONG L90008,) 








* Su0/404200 0900‘000'] 
$O SSBOXA U/ Bf// JOP YUOD AUO4IOY{S/YOS CO 
BDIAOUA Of Papotus4sa UBISAP JOWZUOD SI / 


4894 sO pus 4o 464g 

SPIOJUOD CHONG pF XY X,Y OZ/S /Of4Pf 
-0tu yo04U09) *Ybhiy, 284 x buco, 94 Puno 
BPM _¥, 4n0geo UolpIalo41d papUnNod PUNO 
YAOOLLIS O PalIOY JOIOZUOD ANOUOHOYS OY 
BLUIAOLLI Bf LIONf PPAABJSUD4 J/OIIZ{OW 
‘P2ENUIZUOIS/P SOM 4Sa4 ay4 Way™ 
UVOLIPUOD 4ua/sjaoxX|a Ul B4aM $4204U0D 
jeuy spunod g¢'¢ 
jenuful spuned 5°Z 
anus “ad Sallily /Z Pajo4tado 


BUOY 4OWYAUOD 


‘aoiauas poob Ajqouosoas wars 
aroy Ubisap 4ojnoy4Ood $144 4O 
SYIOYUOD * SUBY4AOYS AOYOLU /ONYIO UO 


YYblIUg S28DQJINS 4OD4UO]D *8/G/SIA SEM 
ftoddns yooyuo0a uaddod ay4 4ou4 
Asap OS SOM YIH{UOD AsOUOLYOY{S U/ 
Hajouo uayM paddoys ySsajl *foO4UOD 
ButAous 0f ALDUOMOYS WOH A2AA/IS JO 
4Hafsuiod, Ui pagjnsad YyoIygM SBuinwo 
PaSNoN?D adiM YOOYUOD BAISSAOXT 

Duly spunod 
jonien spunod gb 224% f24UOD 


eynurins sad saui/{ // peao41eadg 


AUO{IOYAS/YOS PavapsSuoDd 4Ou 
SyInyu0R ‘paddoys som ysa4 Vaym™ 
UOMW4OU0D 400d Avan Ui Pub Busyoay 
— <9AO WO0A4f P22AGV/OIS/P SYIOLYWOTD 


BUuIPpjaM fIO4UOD OV 4I2Ly4UOD 
BUIAOLL BY 4 OY AMOUOI4WIOJ{S BYf W/O 
PaetHaySUOdy Aeris JO yunouio abhsO7 

UBALIS B44 JO Buliajpo/as 
WICAIPsSUOD Pub S4I04uod 

ayf 42 Buyjo40 auvanas pasnioo adim 
PUL BDUNOG JIO4UOD BA/SSBOXF 
jeu spunod py 


joins spuncd ei ey ey 


anus sad SAU $/ P24{M438d0 


Suoisnjoueg 
puo S\4mUiay 


(3) 





000 ‘e¢eZ =sSuci4p4ado jojo) 





0¢6‘'0Z = Suoipouado jojo) 





006 ‘9 = Sudlyousdo joyoy 





(syormyucg 42449 Aq 
















































































c= (+) (+) pajdnusajuy 4ueding) 
is 49D4,U05 49104U05 P 491D4U05 
DUOI4D. A ADUOILIO 
145 4DU0141045 HAS peo ani4sisay 
Aq sasaduiy OOF 
Of POPU] 4UI44NY 
490jUOD 9b4,U0D 49104U09 . "ms 
#199419 “9° 419A 09% V 
Buiaow ULAO/| Buraoy Buisoj) 4azsy S$20jU0D JO 
(+) (-) (-) ydrouBosoyug payonojauun 
(2) 
| paso? uado TE carn, ne uado I pasy2 uado , 
~ vernapapney” whe ae oy 7 S4$IOJUOD i alae syooyuoy | - ”" “symayuogy ~~ ~~" “syoa4u0z ~~~ 
: ’ ro pres +0 pana nn = p= =H 0 (_jusweg 
| i | A ydoiBoj19S8Q soy 
| | SOY ! | ‘Say | : ‘say 4 joquuks 5 Y) 
a A | 1} | bad | | | ! ‘9 ? } | 
oor | ik ! sevadiuo | | saad rtty “pro 
| | ! a i 1 00% | aaiysisay Aq 
; | | ; = | "say sesaduy Oy 
| y | 1 Of papieaiy ° 
| ° | 
; F | | ‘ usuun 
| NOSE Vidi e | A0SZ + 9 
| | } j J | ! 
4 Lo | ! 
\ :. ———_ ~~ +0 , telah +0 *4!1NIDALD “9 ‘qd 
| : | ' | | , 419A 0SZ 
| a'e ‘ap y Buisoi9 
SY4/OA | | S4/OA SHOOUOTD JO 
Le------ "298 09/---- 09¢ ! [t------ "208 09/--- > OSZ i lege = == == ‘28S 0g/--- OSZ Lu110AB0}|19S0 
; ; l , 
: . ra 1_____ , i LA Cr) 
i] ‘ 
engen qeaaael ty engi ~ | Berets oie, Oe Gm punta Sean ap cog 
or aa po imc auagunons “Gen focsanoe fIMyuU02 ae pion ? f204u02 o4poiuidsy 
Of yradsad yim ? A OMAN ¥9019/01SU0) LOLOL IOS doys P7/VO4IPISUOD Ais ALO UOWIOYS 














that satistactory operation and a long 
contact life especially depended upon 
the mechanical design of the contact 
operating mechanism. For example, 
for the best results with silver con- 
tacts the slide or wipe between the 
moving and stationary contact sur- 
faces when the contacts close or open 
had to be held to a minimum. 


Three Contact Designs Compared 


Referring to the chart on the pre- 
ceding pages, the design and test re 
sults ot three contact assemblies that 
were analyzed in the development of 
the accelerating device for the starter 
circuit in Fig. 1 shows the ettect of 
mechanical design on the electrical 
performance. 

The contact mechanism shown un- 
der (.4) in the chart is quite simple 
mechanically, One spring provides 
both the force for returning the arma- 
ture to its open position and the force 
for holding the silver contacts to- 
gether. This contact mechanism de- 
sign is not satisfactory for this appli- 
cation because the contact spring is in 
such a position that it cannot effec- 
tively prevent contact bounce and 
chatter as the contacts close. Also, 
when the armature moves from the 
“contact touch” to the ‘“‘centact seal” 
position, the moving contact slides 
upward on the stationary contact. 
This sliding action produces arcing. 
The left-hand oscillogram in the hori- 
zontal column (d) shows the degree 
of contact separation and slide when 
the contacts close a 250 volt d.c. cir- 
cuit. When contacts close with no 
bounce, the voltage across the con- 
tacts drops practically to zero and 
remains there. The left-hand view in 
column (e) shows a typical set of 
contacts that were operated only 6,900 
times in a 250 volt, 400 amp. d.c. cir- 
cuit. This contact design is not satis- 
factory because excessive bouncing and 
considerable 
splattering and transferring of the 
silver contact material. 

An improved type of contact de- 
sign is shown under (B) in the chart. 
This contact mechanism uses separate 


sliding action caused 


springs for providing the armature 
return and the initial contact forces. 
The lower spring, which provides the 
initial contact force, is directly back 
of the contact and helps to reduce the 
moving contact bounce when it closes. 
One disadvantage to this particular 
design is that there is considerable 
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slide between the moving and station- 
ary contact surfaces when the arma- 
ture moves from the “contact touch” 
to the “contact seal” position. The 
moving contact also rolls or pivots 
about the stationary contact while the 
armature takes up the contact over- 
travel. The slide and roll cause the 
point of contact to transfer, resulting 
in some arcing. The center oscillo- 
gram in column (d) indicates less 
contact separation and arcing for this 
design as compared to that of the 
mechanism illustrated in column (4). 
The set of contacts shown in the 
center view of column (e) operated 
20,930 times before the silver was 
transferred from the positive to the 
negative contact. This test is much 
more severe than the service operat- 
ing’ conditions, since in service, motor 
starter contacts of this design have 
given reasonably good performance. 

The most satisfactory contact as- 
sembly is shown under (C) in the 
chart. The moving contact bearing 
was located in such position that there 
was practically no slide or wipe be- 
tween the contact surfaces when the 
armature moved from the “contact 
touch” to the “contact seal’ posi- 
tion. The right-hand oscillogram in 
column (d) shows only a slight con- 
tact separation of a very short dura- 
tion when the contacts close. It 
should be noted that this is a consid- 
erable improvement over the results 
obtained from the other two contact 
designs. The right-hand photograph 
in column (e) is of a set of contacts 
that were operated in the test circuit 
233,000 times. The comparison of 
the three views in column (e) leaves 
no doubt as to the superiority of the 
right-hand contact design. These con- 
tacts would probably perform satis- 
factorily in excess of 1,000,000 oper- 
ations. 

For d.c. motor starting devices, the 
contact design is affected by both the 





current peaks that the contacts must 
close and the continuous current that 
they must carry without exceeding the 
safe temperature rise. In general, 
contacts that are rated from 50 to 150 
amp. can satisfactorily close at least 
400 to 500 amp. The test circu 
used to compare these three designs 


t 


imposes a much more severe duty than 
normally encountered in a= motor 
A resistive load 
was used to permit the current in the 
circuit to increase at the highest pos- 


starting application. 


sible rate. Also, under service condi 
tions, the contacts of this accelerating 
device are practically always connected 
in parallel with the starting resistor 
that helps dissipate some of the en- 
ergy. In this test, the total arc energy 
on closing was dissipated at the con 
tacts. After the 400 amp. circuit was 
established, other means were used to 
interrupt it. 

Since the three contact assemblies 
were tested in the same circuit, the 
comparative contact life is a good 
measure of the efficacy of the mechan- 
ical design. 

From this discussion it is apparent 
that the mechanical design directly 
affects the success or failure of a given 
electrical contact application. As a 
general rule, the design must reduce 
bouncing, sliding, or wiping action 
between silver contact surfaces to a 
minimum for satisfactory and long life 
contact performance. 

Since there are so many factors 
that must be considered in the selec- 
tion of contact materials and the de 
sign of the operating mechanisms, it 
is impractical to formulate precise 
specifications and rules for the design 
of contacts for general application in 
circuits that control relatively large 
amounts of energy. Under these cir- 
cumstances, a satisfactory contact de- 
sign usually can be determined only 
by experimentation and by tests with 
a representative contact mechanism. 


In 1765, James Watt invented a separate condenser for his steam engine. A 
small model of this worked very well, but when he tried to build an engine 
that was large enough to develop useful power, he was unable to bore the 
required cylinder, 6 in. in diameter and 27 in. long, and was forced to 
abandon his project. Nine years later, John Wilkinson, of England, invented 
a boring machine that was driven by a water-wheel and intended fo: 
boring cannon. In this machine, a boring bar ran through a cylinder and was 
supported at each end. It solved Watt’s problem and with it, cylinders wer« 
bored that had a diameter of 50 in. and were not out of true in any part 
more than 1/32 in. It is credited with being the first real machine tool. 
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PLASTICS 


Progressive design efforts have made 
possible the economic extrusion of com- 
plex shapes. For this, improved mold- 
ing compounds deserve some of the 
credit, but it is largely because the 
designers have applied the laws of 
hydraulics to the design and _ better 
use of dies, and the techniques of con- 
veyor shaping and post-machining, that 
these results have been obtained. A 
typical example of this, described in 
“Extrusions Take on New Jobs,” Plas- 
tics, November 1946, is the production 
of thirty-nine varieties of grommets 
by the conveyor shaping technique in 
which three dies costing a total of $450 
were used. Further examples of the 
extrusion of complex shapes are dis- 
cussed by James Bailey in both ‘“Tech- 
niques of Extruding Acrylics,” Modern 
Plastics, December 1946, and “Extrud- 
ing Acrylics,” Plastics, December 1946, 
wherein descriptions of the direct, semi- 
positive, and positive methods of ex- 
trusion, bubble elimination, and im- 
portance of annealing are included. 


Low pressure laminates, |ong-harassed 
by technical difficulties in the laminat- 
ing process, are now setting new highs 
as a result of continued research on 
fillers, applications, and production 
methods. Similarly once retarded, but 
now progressing, are the high pres- 
sure laminates. These, until recently 
restricted by material shortages, are 
rapidly overcoming this war-imposed 
setback. Indicative of this advance is 
the recent production of flexible poly- 
styrene sheeting 0.001 to 0.080 in. thick. 
These sheets, described in the December 
2 issue of Plastics News Letter, are pro- 
duced by the lamination of papers or 
fabrics between thin sheets of either 


clear or pigmented polystyrene. 


Another discussion pointing up this 
laminal trend is presented by T. W. 
Noble in the December issue of Plas- 
tics on melamine laminates. Typical 
combinations of phenolic-impregnated 
melamine-impregnated 


inner sheets, 
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surface sheets and metal foil for heat 
resistance are given in schematic form 
to illustrate potential combinations 
and production methods. Of further in- 
terest in the field of low pressure 
laminates is the $75,000 experimental 
automobile body recently constructed of 
low pressure resin-bonded glass lam- 
inates. Designed by William Stout, this 
car apparently discouraged any plans 
for immediate production, but fenders 
for trailers are currently being pro- 
duced by a similar process. Jute felt 
matting is placed between glass fiber 
mattings and the “sandwich” impreg- 
nated with a polyester-type ‘‘contact” 
resin to produce a high impact strength 
material. According to Modern Plas- 
tics, December 1946, the primary ad- 
vantage claimed for these laminated 
fenders is a replacement cost 65 per- 
cent that of metal. 


Synthetic rubber, formerly confined to 
industrial applications largely because 
of scarcity and cost, is now appearing 
in an increasing range of home prod- 
ucts. Some of these include faucet 
washers, sink drainers, sponge mops, 
electrical appliance cords and seals for 
pressure cookers and refrigerators. In- 
cidentally, it is of interest to note that 
the recent refrigeration show _high- 
lighted the trend toward glass fiber 
insulation for domestic and commercial 
refrigeration units. Thirteen manufac- 
turers use up to 6 in. of this insulation; 
two are using 4 and § in. of cork; and 
one uses Celotex and rock wool 

Baked enamel finishes on steel cab- 
inets are universal except for a few 
using aluminum and _sstainless steel. 
Some of the units have aluminum liners 
in steel bodies. 


Synthetic fibers, rapidly supplanting the 
natural variety in scores of applica- 
tions, are further advanced by the de- 
velopment of a new polyester resin 
derived from ethylene and terephthalic 
acid. Known as Terylene, this resin 
is a high-melting solid, can be cold 
drawn to highly oriented fibers of good 
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strength, has low water absorption and 
high resistance to disintegration by 
light. Multifilament yarns of many 
properties have been produced by varia- 
tions in the spinning and_ processing 
techniques and according to the De- 
cember issue of Modern Plastics this 
resin will shortly be available in the 
forms of films, extruded sections and 
molding powder. 


Preheating of thermosetting molding 
powders by live steam was reported at 
the Society of Plastics Engineers meet- 
ing in Chicago to give results compar- 
able to those obtained by high fre- 
quency preheating methods at greatly 
reduced cost. The preheater equip- 
ment for the steam costs in the neigh- 
borhood of $300 as compared to about 
$5,000 for high frequency apparatus. 
The amount of steam used, and hence 
the amount of water absorbed by the 
molding powder, must be carefully con- 
trolled to obtain the desired property 
of accelerated cure along with the in- 
creased flow of the molding powder. 

In line with this is the creep and 
fatigue data for filled thermosetting 
molded parts presented at the Ameri- 
can Society of Mechanical Engineers 
meeting in New York last December. 
Here, the relative abundance of ulti- 
mate strength data for various filled 
and unfilled plastic materials was noted 
against the relative scarcity of data for 
long time fatigue tests. Recent searches 
have revealed little information on 
tensile-compressive stress, but what 
flexural data is available is summarized 
as follows as the endurance limits for 
repeated (fatigue 
strength in lb. per sq. in. at 10° cycles). 
The relative strength of these mate- 
rials can be more fully appreciated 
when compared with 25-ST aluminum 
alloy having a fatigue strength be- 
tween 22,000 and 25,000 lb. per sq.-in.: 


flexural stress 


Cellulose acetate, 1,500-2,500; low 
pressure — canvas-phenolic laminate, 
3,000-4,000; molded  cellulose-filled 


melamine resin, 3,000; molded cellulose- 
filled phenolic resin, 4,000; polysty- 


rene, 4,800; 3-ply laminated birch 





113 











veneer, 6,000: 3-ply plywood. 6,000; 


Mitcherlich paper phenolic laminate, 
$,500-9,500; phenolic-impregnated, com- 
pressed hard maplewood, 9,000; phe 
nolic-impregnated compressed yellow 
birch wood, 12,000; and high pressure 
fiber glass-phenolic laminate, 14,000- 
20,000 |b. per sq. in. Unfortunately 
no data is available for the sandwich 
type materials described in this column 
last month. 


NONFERROUS METALS 


Sprayed aluminum coatings, used alone 
or as a base for subsequent applications 
of paint, are effective for corrosion re- 
sistance. Such coatings, described in 
the November issue of Aluminum and 
Magnesium, when used alone can be 
0.008-0.0015 in. thick, but when used 
as a paint foundation, only 0.003 in. 
is recommended. Another surface treat- 
ment, developed to protect aluminum 
itself against oxidation and as a base 
for paint, is called ‘“alodizing”. This 
treatment, as described in the December 
5th issue of Jron Age, requires no elec- 
tric current as does anodizing. Further 
indicative of aluminum’s inherent re- 
sistance to the effects of atmospheric 
exposure is the work done in Germany 
in sheathing telephone and power cables 
with spiral wound and welded alumi- 
num strip, longitudinally welded alumi- 
num strip and molten or solid extruded 
aluminum. According to the September 
issue of Light Metals, all four coat- 
ings have been successfully applied, and 
although the latter two are the most 
promising, they require the use of 
temperatures and pressures consider- 
ably above those used for the extrusion 
of lead and lead alloys. Incidentally, 
lead and lead-tin alloys have been sat- 
isfactorily substituted for tin and zinc 
coatings on steel as a result of recent 
shortages in this line. The protective 
value of these lead alloy coatings is 
discussed by A. H. Du Rose in a paper 
to be presented before the Electro- 
Chemical Society in April 1947 wherein 
it is claimed that a lead alloy contain- 
ing 5 to 6 percent tin affords the best 
all-around protection. 
sistance can 


Corrosion re- 
likewise be attained 
through the use of titanium and zirco- 
nium. These rare metals. formerly 
somewhat limited in supply, can now 
be produced on a large scale in a form 
suitable for fabrication by a_ process 
described by W. J. Kroll and A. W. 
Schlecten in “Titanium and Zirconium 
—Two Metals of the Future’, Metal 
Industry of London, October 18, 1946. 
With a corrosion resistance compar- 
able to that of tantalum and weighing 
but half as much, zirconium can be 
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an economical substitute for the rarer 
tantalum since many of their properties 
are the same. A total of 60,000 tons 
of zirconium ores can be_ produced 
annually against 400 tons of tantalum 
and 600 tons of beryllium ores. Pro- 
duction-wise, the economics of this are 
evident. A further development in the 
search for corrosion resistant mate- 
rials is two new machineable cast 
nickel base alloys, Chlorimet 3 with 
18 percent chromium and 18 percent 
molybdenum, and Chlorimet 2 with 
32 percent molybdenum. These alloys, 
described by M. G. Fontana in “New 
Alloys for Severe Corrosion”, Chemical 
Engineering, October 1946, are claimed 
to have exceptional resistance to all 
concentrations of sulphuric and hydro- 
chloric acids, wet chlorine, bleaches and 
other chemical solutions. 


Casting porosity, long a basis for a 
high rejection rate and the stimulus 
for better mold design and better cast- 
ing technique, is effectively reduced in 
the 88-9-3 and 88-s-5-5 phosphor 
bronze alloys by melting the copper 
with 1 percent of potassium nitrate, 
adding the zinc, tin and lead, and de- 
oxidizing with 4 ounces of 1 percent 
phosphor copper per 100 lb. An oxida- 
tion-reduction technique, this method 
requires the use of ingots or virgin 
metals for the production of sound 
castings. According to The Foundry, 
November 1946, the method should 
also be successful for sand castings of 
copper-tin, copper-tin-lead, copper-tin- 
zinc, and copper-tin-zinc-lead with or 
without nickel additions. Akin to this, 
is the discussion of K. Winterton in 
Metal Industry of London, October 
11, 1946 in which it is claimed that 
small amounts of zinc substituted for 
tin will impair the soundness and 
strength of chill-cast tin bronzes and 
markedly reduce ductility. It is fur- 
ther pointed out that the substitution 
of larger percentages will necessitate 
an increased pouring rate to prevent 
cold shuts and this results in increased 
porosity. 


Magnesium alloy castings, vulnerable to 
microporosity, can be successfully sealed 
by pressure impregnation with a chem- 
ical compound. This sealant, developed 
through war-born research because of 
low tung oil supplies, is a copolymer of 
stvrene and linseed oil and contains 
1 percent of either benzoyl peroxide 
or tertiary butyl hydroxide as a catalyst 
and 0.2 percent of guaicol, according 
to a discussion by H. Dobkin in the 
October and November issues of The 
Foundry. In line with this magnesium 
allov development is the series of 
articles by A. G. Gray in the October 
and November issues of Steel in which 
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the plant capacities, output and costs, 
effects of additive elements such as 
aluminum, zinc and manganese, ind 


production facilities relative to mag- 
nesium alloys are discussed. 


Metal fabrication has required the use 
of templates and patterns ever since 
Eli Whitney fathered our present con- 
cept of interchangeability. The sub- 
sequent scribing of center, guide, out- 
line, and dimension lines from these 
templates and patterns has resulted 
in minor inaccuracies, loss of time, and 
similar attendant difficulties, especially 
when many identical parts must be 
made in accordance with a single draw- 
ing. To combat this, photographic re- 
search has resulted in a method for 
reproducing engineering drawings on 
metals without the use of a dark room 
The method, described by S. M. 
Barmasel in “Reproducing Drawings 
on Metal”, Iron Age, November 21. 
1946, has been found to be satisfactory 
when applied to anodized aluminum 
steel, terne plate and galvaneal but is 
unsatisfactory on brass or bronze sur- 
faces unless previously oxidized. 


Shot peening, long used in the auto- 
motive industry to strengthen parts sub- 
jected to fatigue stresses, has been ex- 
tensively applied to airplane parts with 
beneficial results. Like all successes, 
however, this process is not without its 
excessive claims. To counteract these 
a helpful assessment of the true worth 
of the shot peening process is presented 
by H. F. Moore in the November 28 
and December 5 issue of Jron Age. The 
measurement of the improvement in 
stress for a given life is claimed to he 
the proper evaluation of the effective- 
ness of shot peening rather than the im- 
provement in life for a given stress. 


Precipitation hardened heat resistant 
alloys, like high strength aluminum 
base alloys, are soft and easily formed 
when given a solution treatment equiva- 
lent to annealing. They differ, however. 
in important particulars from aluminum 
base alloys, having, for example, con- 
siderably more latitude in selection of 
heat-treatment. Extensive development 
work during the war resulted in the 
use of these precipitation alloys for 
gas turbines and similar high tempera- 
tures high strength applications. How- 
ard Scott and Robert B. Gordon in 
their paper “Precipitation Hardened 
Alloys for Gas Turbine Service” pre- 
sented at the ASME meeting last 
December, discuss the factors that gov 
erned the choice of alloy for moto: 
and blading service together with some 
considerations on forging, machining 
welding and heat-treating these gas 
turbine components. 
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Assembly of Aluminum Parts 
By Furnace and Dip Brazing Methods 


A. H. PETERSEN 


Lockheed Aircraft Corporation 


Design details for aluminum parts to be joined by furnace or dip 


brazing methods. The use of jigs, self-positioning assemblies, tack weld- 
ing and riveting to hold assemblies during brazing are discussed. The 





ASSEMBLY by furnace brazing to- 
gether parts made of aluminum or 
aluminum alloys is a low cost method 
of fabricating when the parts are prop- 
erly designed. Parts that are too 
thin to weld can often be brazed. 
Heavy sections can be joined to thin 
sheets if no support is required for the 
thin sections while in the furnace. 
With correct design, warpage and dis- 
tortion can be controlled. 

Aluminum furnace brazing requires 
filler material to be added to the joints 
in the form of wire, rings, or washers, 
or as a Clad coating, as shown in Fig. 
1. After being fluxed and assembled, 


cleaning and corrosion protection of brazed assemblies are included. 


the machined or otherwise formed 


parts are placed in a furnace at a 
1,100 
This temperature is higher 


temperature of approximately 
deg. F. 
than the melting point of the filler 
material, but below that of the parts 
themselves. 

In dip brazing the parts are pre- 
pared in a manner similar to that for 
furnace brazing. But in dip brazing 
the assemblies are preheated in a fur- 
nace to approximately 1,000 deg. F., 
then removed and placed in a bath of 
molten flux that has been heated to a 
temperature higher than the melting 
point of the filler material, but lower 





than that of the parent material. An 
other method is to preflux the parts 
by dipping them in a bath of molten 
flux before assembly. 

Parts made of 25, 35, 53S or 615 
aluminum can be either furnace brazed 
or dip brazed with suitable filler ma- 
terial. Brazing sheets of 3S alumi- 
num alloy, with filler material clad on 
one or both faces, is also available. On 
sheets 0.063 in. thick and heavier the 
thickness of the cladding is 5 percent 
of the sheet thickness. For sheets less 
than 0.063 in. thick, the thickness of 
cladding is 10 percent of the sheet 


thickness. For higher strength, an- 
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. |—Methods of using filler material in the form of wire, rods, flats and clad sheet in furnacr brazing, 































other grade ot brazing sheet is pro- 
duced that can be heat-treated to get 
This 


sheet is also made coated on one side 


maximum physical properties. 


or both sides to suit the requirements 
in practice. The thickness of the coat- 
ing is 10 percent of the sheet thickness 
up to 0.093 in. and 5 percent for 
heavier material. 

In the design of parts that are to be 
made of brazing sheet, consideration 
should be given to the position of the 
parts, since the cladding or alloy filler 
should be in contact with the surfaces 
that are to be brazed. 

The clearance between the joints of 
the parts to be assembled should be 
0.002 to 0.008 in. A slight bevel on 
the outer tube of lap-jointed tubing, 
such as shown in Fig. 3, is beneficial 


both in assembly and in the brazing 
operations. 

The minimum overlap for lap joints 
and flanged joints should be about 
| /4 in. or equal to six times the thick- 
ness of the thinner part, whichever is 
the larger. These proportions are 
also satisfactory for tubular telescope 
joints that are to be subjected to ten- 
sion or torsion. 

In the brazing of sheets of less than 
0.025 in. thickness, the sheet should 
be flanged as shown in Fig. 2. The 
flanging should be deep enough to 
provide a line contact of at least 1/4 
parts being 
brazed to adequate joint 
strength. Line contact 1/4 in. to one 
inch long is sufficient to produce opti- 
Line contacts 


in. long between the 


insure 


mum joint strength. 


longer than one inch will not add any 
useful strength to the assembly. 

Designing the parts so that the as- 
sembly will be self-positioning during 
the brazing operation offers maximum 
economy in assembly operations and 
cuts down the percentage of rejections 
caused by misalignment or shifting 
parts. Fig. 3 illustrates such a self- 
positioning assembly. 

In some instances, self positioning 
designs are not possible. Positioning 
jigs, such as is shown in Fig. 4, or 
spotwelds, screws or rivets to hold the 
assembly in position, are then neces- 
sary. Jigs should be designed to allow 
for thermal expansion of the alumi- 
num parts. They should be fabricated 
from oxidation resistant steels such 
as the chromium bearings or almu- 
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(B) Flanging for brazing of thin sheets. 





Aluminum 


Fig. 3—A finned auxiliary water still unit designed largely for self-positioning during furnace brazing. A steel wire 


is used for holding the fins in contact with the container during the brazing cycle. 
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minum coated types. Steel screws or 
rivets used for holding the assembly 
should be located in tabs that can be 
removed after brazing. If left in 
place, electrolytic corrosion of the 
aluminum may occur. 

Assemblies should be designed so 
that gravity flow of the filler material 
will assist surface tension to draw 
the filler material into the joints when 
melted in the furnace. Only one pass 
through the furnace should be _ re- 
quired. Brazed assemblies cannot be 
put into the furnace for a_ second 
brazing operation unless a filler ma- 
terial with a lower melting point than 
that used in the previous brazing 
operation is used. Welding after braz- 
ing should be limited to areas that are 
an inch or more away from the brazed 
joints. 

Aluminum alloys 25 and 35 are 
fully annealed brazing 
operation and cannot be restored to 
the original hardness. Parts made of 
538 and 61S can be heat-treated after 
brazing to obtain the W = condition 
and artificially aged to the T condi- 


during the 


tion if necessary. 

To facilitate production, it is de- 
sirable to design assemblies in their 
entirety from 2S or 3S aluminum 
alloys or combinations of these two 
materials. Combinations of 25 to 61S 
and of 2S to 53S can be brazed at 
the lower temperatures and with the 
technique suitable for brazing 615 
or 53S alloy. 

Brazing recommended : 
Where a large number of joints are 


sheet is 
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to be made in flat or formed sections 
of sheet; where it would be difficult 
to place filler material adjacent to 
joints in ducts, tanks, and other as- 
semblies; and for assemblies that re- 
quire brazing in a position other than 
one that would permit gravity flow of 
the filler material. 

Brazing sheet is not recommended 
where assemblies consist of a large 
area with few joints to which could 
be easily added wire rings or shims 
of filler material. 

Assemblies should be designed so 
that the difference in wall thickness 
of the detail parts is as small as 
possible. Large unsupported flat areas 
should be avoided since the material 
would sag under its own weight at 
the high furnace or bath temperature. 
Crowned sections are desirable be- 
cause they are self supporting. 

To permit removal of the brazing 


4luminum Company of America 
Fig. 4—Components of an aluminum circuit breaker arm positioned in an aluminum coated steel jig 
for furnace brazing. 


permits normal expansion and contraction of the parts during brazing. 





Table I—Typical Values of Strength of 
Furnace Brazed Butt Joints 


Fensile strength Elongation, 


Alloy lb. per sq. in. percent 
25 13 ,000 25.0 
38 16,000 20.0 

61S 35 ,000* 9.0 


, He at-tre ated condition 





flux after the brazing operation, ac- 
cess to all joints is desirable. Flushing 
with boiling water is a satisfactory 
Since the filler 
alloys are aluminum-base alloy, there 


cleaning operation. 


is no marked electrolytic corrosion of 
aluminum-brazed joints. ‘The best 
corrosion protection is obtained by 
dipping the assemblies in chromic acid 
after the hot water rinse. 


THE FIRST SUBMARINE that took the cigar-shape of those of the present day 


was invented by Robert Fulton about 1800 while he was in Paris. 


It had 


a pointed elongated hull covered with copper plates, a conning tower, a 
folding mast and sail, a propeller, and a balanced keel. The propeller of 


this submarine which he called the “ 


Nautilus” was turned by hand and the 


boat submerged and rose to the surface without trouble. After all the Gov 
ernments had turned it down, it was proposed to use it to rescue Napoleon 


from the Island of St. Helena, but 


attempt could be made. 


the exiled monarch died before the 


In 1872, a steam-driven helve or tilt hammer was built with a cylinder of 


15 in. diameter and 4 ft. stroke, working at 


2 strokes per minute. The 


~ 


hammer which weighed 120 lb., struck six blows for each revolution of the 
cam shaft and small iron forgings were successfully made under this device 
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Fig. | — Fixture heat-treated beryllium copper springs and stampings are used 


in a variety of products to achieve production economies and improved quality. 


Beryllium Copper Formed Parts 
Advantages of Fixture Heat-Treatment 


Economies in assembled cost of stampings and coil springs possible through the use of 


fixture heat-treated beryllium copper. 


Proper choice of materials and heat-treating 


cycles are outlined. Tolerance ranges possible in fixture heat-treated parts are given. 


CORROSION RESISTANCE, 
good electrical conductivity, high ten- 
sile and fatigue strengths, hardness, 
and low stress-strain hysterisis are 
desirable 


some of the properties 


of beryllium copper. But designers 
otten are deterred from using this 
alloy because of its high price. Yet, 
by taking advantage of the unusual 
formability characteristics and phys- 
ical properties of beryllium copper, 
the total assembled cost of parts made 
of this alloy is often lower than that 
of parts made of other materials. 
Also, beryllium copper parts can be 
formed to smaller dimensional toler- 
ances than can those made of any 
other material. 

In an alloy having a beryllium con- 
tent of less than 1.85 percent, the 
properties fall off rapidly. Beryllium 
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contents of more than 2.15 percent 
do not produce any improvement in 
properties and cause difficulties in 
rolling and fabrication. “The most 
commonly used beryllium copper alloy 
is that known as the 2 percent alloy, 
which has the following composition : 
Be 1.90 to 2.15 percent 
Nit Cot Fe 0.50 percent max. 
Total Impurities 0.50 percent max. 
(added elements 
Cu Balance 
This 2 percent alloy is available 
as cold-worked or annealed wire, tub- 
ing or strip with physical properties 
as given in Table I. The alloy is an- 
nealed by holding at 1,425 to 1,475 
deg. F. for 2 to 3 hours and then 
quenching in water. It is then cold- 
rolled or cold-drawn to the desired 
temper for subsequent forming to 





final shape. No further annealing ts 
necessary except in the formation of 
severely bent or cupped parts. Mate- 
rial in the 1% hard condition is used 
for the fabrication of most stampings. 
It offers the best combination of for- 
mability and physical properties after 
heat-treatment. Coil springs are 
usually fabricated from wire in the 
34 hard condition, which has better 
fatigue properties after heat-treatment 
than the ™% hard material. 

Formed stampings, in which the 
radius of bend is less than 3 times 
the stock thickness, and wire shapes 
with sharp bends are made from an- 
nealed beryllium copper. It is easily 
formed but possesses lower physical 
properties after heat-treatment than 
does the 4 hard material. Parts re- 
quiring severe bending or cupping op- 
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Table | — Average Physical Properties of Unheat-Treated Beryllium Copper Wire and Strip 
Tests made on strip samples 





Yield Strength Tensile Fatigue Strength Elongation Bochueall 
Condition 0.01 percent offset, Strength, at 108 cycles, reversed in 2 in., : 


Ib. per sq. in. Ib, per sq. in. stress, Ib. per sq. in. percent Hardness 





Annealed 23,000 70,000 32,000 45.0 B60 
Y% Hard 55,000 84,000 34,000 18.0 
Hard 70,000 105,000 35,000 5.0 





Table 11 — Average Physical Properties of Beryllium Copper Wire and Strip 
Heat-Treated at 600 deg. F. Tests made on strip samples 





Yield Strength Tensile Fatigue Strength Elongation Rockwell 
at 0.01 percent set, Strength, at 108 cycles, reversed in 2 in., 
Ib. per sq: in. Ib. per sq. in. stress, Ib. per sq. in. percent 


Initial 


Condition Hardness 





Annealed 75,000 155,000 35,000 7.0 15N77 
Y, Hard 100,000 170,000 39,000 5.0 15N79 
Hard 100,000 190,000 40,700* 2.0 15N80 








*Fatigue strength of 48,000 Ib. per sq. in. when 660 to 720 deg. F. hardening temperature is used. 





Fig. 2—Beryllium copper parts and fixtures in which the parts are held during heat-treatments. 


erations can be given intermediate alloy is heated to temperatures rang- of the forming surfaces of the fixtures 
anneals to restore ductility without ing from 550 to 720 deg. F. At the must be held closely since they de- 
attecting their physical properties after higher temperatures, residual stresses termine the size and shape of the 
heat-treatment. caused by cold-working or forming finished parts. The fixture is held 
Hard beryllium copper strip is and any stresses set up by the harden together by bolts or clamps. Dowel 
used only in the fabrication of flat ing are relieved. The degree of stress pins can be used to provide alignment 
stampings. It cannot be bent or _ relief and, therefore, dimensional con- when necessary. 
formed because of its low ductility but formity in heat-treated parts increases Since heat-treating removes any in- 
has the highest physical properties with increasing temperature. ternal stresses, no warpage or spring- 
atter heat-treatment. Table II lists Fixture heat-treating of stamped back occurs when the parts are 
the physical properties produced by beryllium copper parts offers many removed from the fixtures. Dies, there- 
heat-treatment of wire and strip possible economies. Stampings are fore, can be designed without allow- 
made flat and bent to the desired form ance for — spring-back. Angular 
in fixtures, Fig. 2, that hold the parts tolerances in forming dies can often be 
Fixture Heat-Treatment to required dimensions during heat- as much as + 15 deg. These wide tol- 
treatment. The fixtures, made of erance limits permit considerable die 
Hardening of beryllium copper is cold-rolled steel, are more easily ma- wear and long production runs. In 
sed by phase changes in metal-  chined than standard dies and do not the fabrication of complicated stamp- 
vical structure that occur when the require hardening. The dimensions ings of beryllium copper it is often 


} 
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possible to use fewer dies than would 
be needed if the parts were made of 
other materials. 


Heat-Treating Cycles 


The choice of a proper heat-treating 
cycle is a source of further economy 
in the production of beryllium-copper 
stampings. The relationship between 
hardness and time at a temperature 
range of 660 to 720 deg. F. 
by Curve (4) of Fig. 3. 


is shown 
The best 
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Fig. 4—Coil springs and formed parts. 


control are obtained by hardening in 
this temperature range for 15 to 40 
min. In this temperature range both 
the time and temperature required to 
produce peak hardness vary from heat 
to heat, therefore, the exact time and 
temperature of hardening must be 
determined by experimental heat-treat- 
ment of small samples at different 
combinations of time and temperature. 

Any commercially acceptable heat 
of beryllium copper can be hardened 
by holding it at approximately 600 
deg. F. for 2 to 3 hr. No prior de- 
termination of hardening characteris- 
tics is necessary since the acceptability 
test requires an ability to heat-treat 
in this temperature range. Because 
of the relationship between hardness 
and time, shown in Curve (B) of 
Fig. 3, the exact time at temperature 
is not important when the time ex- 
ceeds an hour. 

The fatigue strength produced by 
the 600 deg. F. hardening cycle is 20 
percent less than that produced by 
the high temperature cycle, ductility 
is less and dimensional changes, caused 
by residual stresses, are larger subse- 
quent to taking the pieces out of the 
fixtures. “Che high temperature cycle, 













Formed parts are stamped flat and final formed in holding fixtures. 
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with its shorter heat-treating time, re- 
quires less furnace capacity and fewer 
heat-treating fixtures than does the 
lower temperature cycle, which re- 
quires + to 8 times longer time in the 
furnace. 

With properly designed fixtures, 
using the high-temperature short-time 
cycle, the dimensional variations of 
fixture heat-treated parts are small. 
Flat springs, 1 in. long and % in. 
wide can be produced to a flatness 
tolerance of + 0.0001 in. when made 
of specially rolled stock of uniform 
thickness. Flat springs up to 3 in. 
long and 34 in. wide can be held to 
straightness tolerances of + 0.005 in. 
The parts shown in Fig. 5 illustrate 
the tolerances that can be maintained 
in production quantities of compli- 
cated bent shapes. Both angular 
tolerances and the variation in dis- 
tance between parallel planes can be 
kept to low values. 

Certain parts that require extreme 
fatness or small angular tolerances 
are made from fixture heat-treated 
beryllium copper because the toler- 
ances cannot be met with any other 
material. 
have tolerances wide enough to permit 


Many other parts, which 
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fabrication from other materials with 
fnal shaping by hand adjustment, are 
made from beryllium copper because 
they can easily be fixture heat-treated 
to dimensional tolerances that make 
hand adjustment at assembly unneces- 
ary. In the use of parts such as those 
hown in Fig. 5, as well as in simple 
shapes such as contact springs, the la- 
hor cost savings possible through the 
avoidance of hand adjustment more 
than compensate for the initial high 
cost of beryllium copper. 

The final dimensions of the parts 
are established by the fixture rather 
than by hand adjustment and are re- 
markably uniform. Inspection of only 
asmall percentage of the parts is sufh- 
cient to maintain dimensional control. 
Beryllium copper’s high yield and ten- 
sile strengths prevent spoilage caused 
by rough handling. 


Coil Springs 


‘The use of the fixture heat-treating 
method in the manufacture of bery- 
lium copper coil springs can result in 
substantial economies. Beryllium cop- 
per wire can be wound cold on man- 
drels by 
those used for the coiling of other 
spring materials. “he springs can be 
hardened on the mandrel as a holding 
fixture. 


coiling machines similar to 


The hardening cycle relieves 
all residual stresses and the springs, 
when removed from the mandrels, re- 
main at the dimensions to which they 
were originally coiled. Thus hand 
adjustment is not required. 

The short-time high temperature 
heat-treat cycle is usually preferred 
for the precipitation hardening of 
springs because of the higher endur- 
ance limit produced. Many 
springs are given special variations of 
the short-time treatment to produce 
the optimum of some particular prop- 
erty such as electrical conductivity or 
drift. 

Springs requiring different numbers 
of coils per inch along their length 
can be produced without difficulty. By 
areful initial coiling, springs can be 
made with load varations of +3 per- 
cent at a given deflection. Thus assem- 
blies requiring a definite initial spring 
load can be made without the neces- 
sity of hand adjustment of each spring. 
Many companies have reported that 
the savings in assembly costs made 
possible by beryllium copper have 
More than made up for the higher 
initial cost of the material. Coil 


coil 
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Fig. 5—-Bent shapes can be held to tolerances shown by fixture heat-treatment. 


springs requiring back tension or resi- 
dual stresses at free length cannot be ations can often be decreased. 
made of beryllium copper. In 

As in stampings, the assured uni- 
formity of dimensions permits a re- 
duction in 


required for the actual assembly oper 
addition to the economies in 
production and assembly presented by 
beryllium copper, this material offers 
inspection requirements. a further long-run economy by 
The percentage of spoilage is low es- 
pecially in small fine springs. Because 
beryllium copper springs can be han- 
dled more roughly without danger of 


spoilage, than when 


pro- 
ducing a better, 
life. 


corrosion 


product with longer 
Its high fatigue strength and 
help 


malfunctioning and 


res:stance prevent 


breakage and 


made of other thereby reduce replacement and main 


nonferrous spring materials, the time 


tenance costs. 
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Designs for Sheet Metal Boxes 





Ideal consti-uction for 
thin metal (0.018 in. or 
less). Stock can be litho- 
graphed in flat sheet before \ 

forming . Construction Sy ee fis at a tee 
suitable where quantity < 
is large enough to justify 
tool cost. Manufacturing 
cost moderate. 


Detai/ of corner blank 
Prior to folding 





! 7 Bla 
' Height limited by — a ee a ee ee pric 
pan foal - . Bewks prior {\' fo/e 
a “val heights ge: 
are less than haat 
3 in. Pieced construction is 
4 economical of stock 
because there is very 
little waste in blanks 
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With Square and Round Corners— 


WALLACE C. MILLS 





The problem of designing a sheet metal box or box-like structure occurs frequently. For 
some purposes, ordinary can and box structures are satisfactory. For others, special struc- 
tures for utility, appearance, or low cost may be required. Designs are shown for seamed, 
welded, and folded constructions. Blank sizes and methods of manufacture are included. 








T om T 
Blank --- : Double lock searm will not open up by 
| | crushing. 
prior to ! whsr ’ 
folding | Limited to 0.0/2 in. stock with standard 
kh I can-making eguiprnent: When heavier stock 
bf ravoldinng improved is used, lock searn. must be made in dies. 
avoiding external 

seam at “te of can 












Manufacturing costs - 























higher than for Single lock seam can be made 
standard can-type with stock up to 00/8 in. with 
because body must standard can-making equipment, 
be mounted on plug 1 ff 
for curling by punch. If / 
Operation 1s slow. Can-type construct = / 
\ tion, economical “genet v 
\ to manufacture. peer 
' Limited to light- - 
Not /eakproof because of small opening weight stock, and 
where side sear terminates and round corners. ! 
bottom curls inward Can be made leak- ; 


proof by Filling 
searms with seal- 
ing compound _Y 
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U 
‘Bottom not flush with seared eage. 
+ Container not suitable for heavy 
enivane objects, but acceptable for powdered 
products because of double seams 
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Corners can be rounded or square. 
If square, body blank and bottom 
blank must be notched A 
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Used in small boxes that can retain shape without seaming or 
welding because of size and stiffness of metal 
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Mechanical Handling Systems 


Multiple load bars with springs and eight trolley wheels absorb heavy shock loads. 





TROLLEY CONVEYORS 
Design and Application Factors 


SIDNEY REIBEL 


Design Consuitant, Albert Kahn, Associated Architects and Engineers, Inc. 


















How to select and apply trolleys, determine the right spacing, and calculate safe 
loads. Discussion inciudes design analysis of types of trolley construction, typical 
dimensions and drop attachments, and six tables giving maximum allowable sus- 


pended loads, influence of speed and temperature, and maximum radial loads. 


THE increasing application of trolley with heavy, hardened wheel tread, which increases bearing life and tends 
conveyors to industrial machines and and heavy ribbed brackets is the to reduce rolling and bearing friction. 
systems is bringing a relatively new type that is most generally used for Seals protect the bearings and retain 
design and application problem to industrial service. It has practically the lubricant. 


many engineers. replaced the pressed steel designs, ex- Instead of forgings, some wheels 
Basic considerations include ap- cept for certain low cost, short life are machined from heavy tubing. 
plying the proper trolley for the applications. Most trolley wheels are flangeless, 
operating conditions, selecting the The drop forged trolley allows the although flanged wheels are usually 
proper spacing, and calculating the use of heavy loads and chain pulls. used with double angle track. ‘The 
safe maximum load per trolley. The thick treads and ball races do  flangeless wheel has less rolling fric- 
The all drop forged steel trolley not deflect excessively under load, tion, and rides well on an I-beam 
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TYPICAL TYPES OF TROLLEY CONSTRUCTION 
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Alvey~ Ferguson Co, 


(B) Riveted 











Link Be/t Co. 


(D) Drop Forged 











track. Some wheels have rounded 
treads, others are flat or nearly so. 
Some wheels are mounted to run in a 
vertical plane, but there are others 
inclined at angles of 114 to 
31, deg. with the vertical. This 
provides better 
I-beam web, and the trolleys may 
roll with slightly 
surtace of the conveyor track. 


clearance at the 


less slip on the 


Trolley Construction 


Vhere are many different trolley 
constructions, but good designs, such 


as shown above, will usually con- 
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form to the following specifications: 


TrREAb. Thick section, heat-treated 
steel. Tread and ball bearing races 
concentric. “Tread may or may not 
be machined, but is smooth and 
round for best operating results. 


BALL BEARING Races. Machined 
and heat-treated, and solidly con- 
nected to bolt or bracket. Inner and 
outer ball races may be ground; 
should be deep grooved and make 


point contact with the balls. 

BALLs. First grade alloy steel, large 
diameter. Assembly should allow a 
slight “rock” when twirled by hand; 


= 





a loose bearing works better at high 


temperatures, or when dirty. 


Pins. May be rivets or bolts, drilled 
for lubrication. Grease fittings op- 
tional, Bolts should be adequately 
locked to brackets. Newer designs 
have pins and brackets forged in 
one piece. 

SEALS. When required, should be 
the best designs obtainable. Metal 
only, or metal with felt, for low 
temperatures. Metal and asbestos for 
high temperatures. 


BRACKETS, OR SipE Arms. Should 
be drop forged, well ribbed, and 



















Table I—For 3 in. l-Beam Track; Max. Allowable Suspended Load 


Per 2 Wheel Ball Bearing Trolley 





Table is based on 400 lb. max. load on 
Check for Speed Rating, see Table IV. 


For temperatures above 150 deg. F. see Table V. 


the I-Beam per trolley 


For heavier ratings use load bars 


with multiple trolleys, or 4 in. I-Beam. 
































Radius to Center Line of Track — Vertical Bends 
Chain 
— 3’-0"** 4’-0°** 6’-0" 8-0" 10’-0" 12’-0" 
Trolley Spacing, In. 
12 12 18 12 18 12 18 24 12 18 24 30 12 18 24 30 3¢ 

250 150* 150* 150* 150* 150* 150* 150* 150* 150* 150* 150* 150* 150* 150* 150* 150 150* 

500 150* 150* 150* 150* 150* 150* 150* 150* 150* 150* 150* 150 150* 150* 150* 150* 1507 

750 120 150* 90 150* 150* 150* 150* 150* 150* 150* 150* 150* 150* 150* 150* 150* 150* 
1,000 25 125 0 150* 135 150* 150* 140 150* 150* 150 140 150* 150* 150* 150 140 
1,200 0 70 0 150 80 150* 150 85 150* 150* 150 90 150* 150* 150* 140 0 
1,500 0 0 0 135 0 150* 105 10 150* 150 90 10 150* 150* 140 80 15 
1,800 0 0 0 80 0 150 50 0 150 120 30 0 150* 150 90 15 0 








**Seldom used. 


For Inclines: 


Over 30 to 45 deg.— Load ratings should not exceed 125 lb. 
Over 15 to 30 deg.— Load ratings should not exceed 150 Ib 
*From 0 to 15 deg.— Load ratings may be 200 lb. max. 


For Monoplane Use: Load ratings may be 200 Ib. for any chain pull a 


nd trolley spacing. 





shoul 


BRON 


highe 


servic 


d not deflect, 
under 
Trolley wheels with roller bearings 
are used on some heavy duty con- 
veyors with knuckle joint chains. 


impregnated bronze bushed trolleys 
are used on some bonderizing and 
wet conveyors; but chain pull is 


ing tr 


the bronze bushed trolleys may re- 


bend, or pull in 
load. 


ZE BusHEeED TRrRo.Lteys. Oil 


r than tor the sealed ball bear- 
olleys that are used in the same 


e. For high temperature work 


ties 


carry 
trolleys. 
use suspended load 
to 1/2 those given 


Oil 


at 


SEALS. 


conveyor 


impregnated bronze 
trolley wheels have high load capaci- 


operating 


sometimes applied without lubricant. 


bushed 


speeds. 


When well lubricated and operated in 
a non injurious atmosphere, they can 
the same loads as ball bearing 


But most conveyor designs 


Metal seals only 


ratings 
in the tables. 
general, it is better to use ball bearing 
wheels wherever possible. 
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Fig. 2—Methods of sealing a 6 in. |-beam trolley: (A) medium, (B) severe duty. 


PrRopuCc! 


They do not pre- 
vent the escape of grease. 

Metal seals with felt washers are 
grease-tight. ‘They prevent 
the entrance of dust, dirt, and fumes, 
and help to prevent leakage of lubri- 
Above 150 deg. F. asbestos 
washers are used instead of felt. 


bearing from dirt. 


termed 


cant. 


Special seals, such as in Fig. 2, 
are required for severe duty in 
foundries and similar dusty atmos- 


pheres, and in the presence of mois- 
ture, fumes, and heat. 
On some oven installations, seals 


are omitted, 
wheels 


and instead the trolley 


are cut open to expose the 
bearing. This allows them to be 
flushed out and relubricated auto- 


matically by an oil spray as the trol- 
leys leave the oven. 


Trolley Load Factors 


The basic factor of permissible trol- 
ley loading varies with different de- 
signers. Ball-bearing forged trolleys 
have high load capacities considerably 
in excess of allowable working loads. 
They should never be used to establish 
ratings for trolleys. The main factor 
limiting the load on a trolley is what 
the flange of the I-beam track can 
stand without excessive wear or 
peening. 

The suspended load is just part of 
the total load that the trolley trans- 
fers to the I-beam track. Another 
is the load imposed on the trol’ey 
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by chain pull at vertical bends. On maximum on vertical curves. When chart could take into account all of 
a steep incline if a heavy load will there are relatively few dips in a these variable factors. However, the 
kink the chain, the load should be multiple conveyor, it may pay to use load ratings given in the various 
reduced or load bars with multiple higher trolley loads, and replace the tables consider most of the conditions 
trolleys should be substituted. dips periodically when they wear out. that are met in general practice. In 

‘The speed of the conveyor is an- On monoplane conveyors, which ‘Tables I, II, and III for two wheel 
other tactor that affects permissible have no dips, higher loads can be trolleys, the ratings are the net loads 
trolley loads. At a few inches per used, since there is no load imposed after the imposed loads at vertical 


minute the rate of wear is consider- by chain pull nor any angle of in- bends have been deducted. 
ably less than at a speed of 30 f.p.m. cline. 
Also, the same load would cause Another factor is operating tem- Calculating Loads 


little or no peening at the low speed perature. When it exceeds 150 deg. 

but appreciable peening would occur  F., the load ratings of trolleys should CHatN PULL. At a vertical bend, 
as the result of high speed. be reduced to avoid overheating. loads caused by chain pull are imposed 
‘The wear and peening are at a No. single practicable table or on the trolley. When modified center 










Table Il—For 4 in. |-Beam Track; Max. Allowance Suspended Load 
Per 2 Wheel Ball Bearing Trolley 













ible is based on 800 Ib. max. load on the I-beam per trolley 
r heavier ratings use load bars with multiple trolleys, or 6 in. I-beam. Check for speed rating, se¢ 
temperatures above 150 deg. F., see Table V 
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Radius to 











10’-0" 





Spacing, In 
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24 16 24 32 16 24 32 16 24 32 40 16 24 32 4C 16 4 3? 40 

















500 400*+ 400% 400*F 400*F 400*F] 400*F 400*+ 400*+]| 400*+ 400*+ 4007 400*+4) 400*7 400*7 400*+ 400*}| 400*+ 400**+ 400%) 400*4 
1.000 400 400* 400 400*}+ 400* 400 400** 400*+ 400* 400** 400** 400* 400% 400** 400*7 400** 400% 409*+ 400*+ 400*+ 400*F 
500 230 400 255 400* 400 265 400*+ 400 380 400*7 400* 400 305 400*7 400*7 4007 400 400*+ 400*+ 400*7 400* 








































» O00 40 315 70 400 265 80 400* 380 240 400* 400 340 220 400** 400* 400 370 400*+ 400** 400* 400 
500 0 195 0 355 130 0 400 275 100 400* 360 225 125 400* 400* 370 260 400*+ 400* 400 375 
3.000 0 70 0 265 0 0 380 170 0 400 275 110 0 400* 400 285 155 400*+ 400* 390 90 
































‘or Inclines: 
Over 30 to 45 deg Load ratings should not exceed 400 lb. 
“Over 15 to 30 deg.— Load ratings may be 500 lb. max. 
From 0 to 15 deg.— Load ratings may be 600 lb. max. 

‘or Monoplane Use: Load ratings may be 600 lb., for any chain 


pull and trolley spacing. 
















Table Iil—For 6 in. |-Beam Track; Max. Allowable Suspended Load 
Per 2 Wheel Ball Bearing Trolley 










le is based on 1,600 lb. max. load on the I-beam per trolley. 
‘or heavier ratings, use load bars with multiple trolleys 

heck for speed rating, see Table IV 

For temperatures above 150 deg. F., see Table V 


















Radius to Center Line of Track 





- Vertical Bends 





20’-0" 





Trolley 
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24 36 48 










Ly ‘ 1,000*} 
1,500 1 ,000*7 1 ,000*+ 1 ,000*7 1 ,000*+ 1 ,000*7 1 ,000*+ 1 ,000*+ 


000* +t 1 ,000*+ 1 ,000** 
,000*4 ,000*T 1 ,000*7 
















; 1 ,000*7 1 ,000*} 1 ,000*} 1 ,000*} 
500 1 ,000*+ 1 ,000*7 1 ,000*+ 1 ,000*+ 1 ,000*+ 1 ,000*+ 1 ,000*+ 1 ,000*4 1 ,000*} 1 ,000*+ 
3,000 1 ,000*7 1 ,000*+ 1 ,000* 1 ,000*+ 1 ,000*7 1 ,000* 1 ,000*7 1,000*4 1, 000*+ 1 ,000* 








: 1 ,000*+ ,000*7 ,000* + 1,000 
1 ,000*+ 1 ,000*7 1,000 1 ,000*+ 1 ,000* 985 1 ,000*+ 1 ,000*7 1 ,000* 1,000 
4,500 1 ,000* 1 ,000*} 1 ,000*} 1 ,000* 945 












1 ,000*7 
5,500 1 ,000* 1 ,000*+ 840 1 ,000*} 1,000 750 1 ,000*+ 
, z 1 ,000*} 


,000*7 
,000*7 
000* 


_ 


000 870 
,000 800 
945 725 


_ 
_ 































For Inclines: 
Over 30 to 45 deg.— Load ratings should not exceed 800 lb. 
Over 20 to 30 deg.— Load ratings should not exceed 1,000 lb. 
*Over 10 to 20 deg.— Load ratings may be 1,100 lb. max. 
+From 0 to 10 deg.— Load ratings may be 1,200 lb. max. 
For Monoplane Use: Load ratings may be 1,200 Ib., for any chain pull and trolley spacing 
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bends, the imposed loads can be con- 
siderable and should be calculated. 
Referring to Fig. 4: 

L = load imposed on trolley by chain 
pull, lb. 

P = chain pull, lb. 

S = trolley spacing, in. 

R = curve radius at center line of chain, 
in. (If only the track radius is 
known, R equals upper track radius 
minus six inches.) 

L= PS/R 

W = suspended weight of carrier and live 
load, Ib. 

W +L = load on trolley by vector addi- 

tion, lb. 


The vectorial sum of W and L is 
nearly equal to their arithmetical 
sum, which value can be used for 
practical purposes, and will take 
care of the weight of chain and trol- 
leys. 


EXAMPLE 1—Assume a 2,500 lb. 
maximum chain pull on a 4 in. 
I-beam conveyor, with 458 chain, 


trolleys spaced 24 in. centers, radius 
of vertical tracks curves 10 ft., and 
suspended load per trolley, 85 Ib. 


P = 2,500 lb. R = 120 — 6 = 114 in. 
S = 24 in. W = 85 |b 
_ 2,500 x 24 _ <9 
‘ = 114 = 26 lb. 


W+L=85 + 526 = 611 Ib., 

which is less than the limit for 

a 4in. I-beam (See Table VI) 
EXAMPLE 2—Under the same condi- 
tions as Example 1, except that the 
chain is 458 articulated, and radius 
R = 57 in., then: 

2,500 24 ms 

L = —\ ©* = 1,053 Ib. 


W+L=85 + 1,053 = 1,138 lb. 


From Table VI, the total load is 
too large for a single trolley on a 
+ in. I-beam track and should be 
divided by suspending from a load 
bar and two trolleys, or increasing 
the radius of the vertical curves. 
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Item |S 1/41/61 
Dim. A} 24 
Dim. B} 6"| 8" | 12° 





ar 
>. 


























Mechanical Handling Systems 





Loap Bars. When the loads to be 
carried exceed the values in the ta- 
bles, two trolleys can be joined by 
a load bar to divide the load between 
them. Sometimes two load bars are 
connected by a third one, so that the 
load is supported by four trolleys. 
On steep inclines and vertical runs 
load bars prevent the chain from kink- 
ing. When load bars are used, there 
will usually be a short trolley space 
of two chain pitches at the load bar, 
and intermediate trolleys spaced 
tarther apart, which may, or may not 
carry loads. Under this condition or 
whenever trolley spacing is uneven, 
as shown in Fig. 5, S: and S:. repre- 
sent the two trolley spacings adjacent 
to a trolley and the imposed load is: 
—— PGA S» 

Other symbols are the same as for 
even spacing. This formula is not 
exact, but the error is small for con- 
ditions found in trolley conveyors. 





EXAMPLE 3—Loads of 700 Ib. each 
are carried at 6 ft. intervals on 4 
+ in. I-beam conveyor. As shown 
in Fig. 5, each load hangs from a 
load bar with 2 trolleys at 8 in. 
centers. Single intermediate trolleys 
with idler attachments at 32 in. 
centers support the chain between 
loads. 

If the radius of the track vertical 
bends is 12 ft., and the chain pull ts 
2,700 1|b., then 


P = 2.700 lb.» R = 144 — 6 = 138 
W = 700/2 = 350 Ib. = Sy = 8 in 


Fig. 3—Two types of load bar attach- 


ments that are used to divide a heavy 
load between two trolleys. 

















Table I1V—Speed Ratings: Max:mum Allowable 
Suspended Load Per 2 Wheel Ball Bearing Trolley 





Use the lowest rating when compared with 


Fables I, HH, U1. 












































Conveyor I-Beam Size 
Speed, 
ft. per min. 3 In. 4 In. 6 In. 
Oro 1 200 600 1,200 
Over 1 to 3 200 550 i Fa 
= 3to0 10 180 500 1,050 
“ $10 to 25 160 450 975 
25 to 50 140 400 900 
“ $0 to 75 120 350 $25 
© 75 v0 125 100 300 750 

















Link-Balt Co. 
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32 in. and 
2,700 (8 + 32) 
zx 138 





L= = 390 lb. 

W + L = 350 + 390 = 740 lb. 
which is less than the 800 lb. limit 
for a + in. I-beam track. 

Loads can also be hung from the 








intermediate trolleys by using load 
attachments instead of idlers. When 
trolley spacing is the same on both 
sides of the trolley, values from the 





























































































































































































) tables can be used. In Example 3, H 
interpolating between 2,500 lb. and . 
3,000 Ib. chain pull values in Table 
Il, a load of 310 Ib. can be hung : 
from an intermediate trolley. \ 
ScALAR MerHop. A’ more exact 
method for determining imposed 
loads on trolleys when trolley spac 
ing is uneven, is shown by Fig. 6: 0 
OC = chain radius at vertical 
F curves ° . ° . . ° . 
AB = trolley space at load bar Fig. 6—Schematic diagram for graphic solution of system with uneven spacing. 
AC = CD = intermediate trolley 
spaces load at dA to be larger than C. 
Layout AE parallel to 4B, and Raptat Loaps—The maximum ra- Table V-—ter Vemperetares Over 158 
, , : ; deg. F. Deduct From Ratings in 
DH parallel to dC dial load that a trolley should handle Tables |, I, Il, IV 
Make AE = AF = DG = DH = is limited by the load capacity of the 
. the conveyor chain pull . I-beam track. lable VI shows recom- — tren 
Then EF = imposed load L for trol- mended values. Some conveyor de- ture, 
ley at dA signers prefer to use about 60 to 75 deg. F. 3 In. 4 In. 6 In, 
And GH = imposed load L; for percent of the values in Table VI, 299 10 20 30) 
; trolley at C although occasionally the recom- 250 20 40 60 
ina 300 3 9 
Note that the vector EF is less mended values are exceeded, and - - 4 a 
than GH, which allows the suspended reasonably good service is obtained. 400 60 120 180 
Table VI—Maximum Radial Load Per 
2 Wheel Trolley on I-Beam Track 
Values are not the allowable suspended loads; 
$ce Lables a Il, II] 
-——€ Chain 
|- 
y I-Beam Track M 
Trolley load. SEED ga 
oar 
Ww Size Unit Weight, W +L), lb 
J lb. 
400 
f Pr 800 
‘ ; iz..3 1,600 
Fig. 4—Layout diagram for evenly spaced trolleys. 
See oe : £ Chain . : : : : a ees 
Idler 
a Load 
O bar \O/ 
Pere weosenecoanen ns ie oe ee OSE a — go 
1350/5. 1350/6, S2 3 4 
: Fig. 5—Layout diagram for load bar and uneven spacing. 
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Positive Displacement Meter 


From "Possibilities of the Positive Displace- 
ment Meter as a Flow Control Device’ by 
E. W. Jacobson, Chief Design Engineer, Gulf 
Research and Development Co. presented 
at first national meeting of A.S.M.E. Indus- 
trial Instruments and Regulator Division. 


ALTHOUGH generally used as a meas- 
uring device, the positive meter has 
characteristics that make it useful for 
controlling flow of fluids. 

As shown in Table I, the different 
types are classified by methods of seal- 
ing against leakage. The film sealed 
meters use close mechanical clearances 
and a film of fluid to seal against leak- 
age past the measuring element. In the 
pack sealed meters, positive seal is ob- 
tained by packing the space between 
the moving parts with metal or com- 
pos‘tion seal rings. The flexible mem- 
brane sealed meter depends upon the 
imperviability of the flexible part of 
the shell of the measuring element for 


sealing. ‘The liquid bath sealed meter 
depends upon the immersion of a por- 
tion of the horizontally rotating meas- 
uring element in a liquid bath. 


Drivinc Power. Fundamentally, the 
positive meter is a fluid motor. The 
measuring element is the driving part 
of the motor, deriving power from the 
energy of the fluid stream flowing 
through the meter. The load on this 
measuring element motor is the inter- 
nal mechanical and fluid friction, the 
register, and any other external driv- 
ing load. The energy extrated from the 
fluid stream causes a pressure drop, or 
pressure absorption. 

The ability of a positive meter to 
generate power is valuable in some 
applications and objectionable in others. 
For instance, in service station gaso- 
line dispensers the positive meter drives 
the heavy load of the computing regis- 


ter and at the same time measures 
within plus or minus 0.6 per cent. Pres 
sure absorption can be objectionable in 
applications such as controlling de 
livery from a gasoline delivery truck 
where the only available head for dis- 
charging the liquid is the elevation of 
truck’s tank above the receiving tank 
in the service station. 

For liquids, the pack sealed meter 
has more driving power for the sam 
capacity with low effect on the ac- 
curacy of measurement than the film 
sealed meter. Fig. I shows typical ab- 
sorption curves for a group of pack 
sealed and film sealed liquid meters. 
These meters have about the same 
measuring accuracy. For gases, only 
the lobed rotary film sealed meter has 
any real driving power. The flexibl: 
membrane sealed meter for gases could 
be designed to drive a small amount ot 
load. The nature of the liquid bath 
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Fig. |—Typical pressure absorption for positive displacement meters handling liquid hydrocarbons. Fig. 2—Operat- 
ing characteristic of a typical positive displacement meter element in terms of quantity and rate of flow. 
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sealed gas meter is such that only a 
very light register load can be carried. 


\IEASUREMENT. A _ positive displace- 
ment meter is not truly positive in ac- 
tion. It always operates with some slip; 
namely, the amount passed in excess 
of the actual volumetric displacement 
of the measuring element, as shown in 
Fig. 2. The amount of slip depends 
upon the viscosity of the liquid and vari- 
ous design factors inherent in the par- 
ticular meter. Having located the proof 
line for a particular set of conditions 
the meter can be adjusted by chang- 
ing the gear ratio of the register drive 
or by altering the displacement for 
minimum average deviation from the 
proof line. 

The lobed impeller meter for gases 
has had considerable development in 
the use as a precision gas measuring 
device. It is now standard equipment 
in testing supercharged internal com- 
bustion engines for measurement of 
ntake air. 

Since they are mechanical, positive 
displacement meters change their meas- 
uring characteristics somewhat with 
use. On most meters the amount of 





Table I—Types of Positive Meters 





How used for 
Type Liquid Gas 





Fitm SEALED 


Cylindrical piston... . 
Nutating piston i 
Square piston....... . 


Oscillating piston 
Bucket vane rotary... 
Straight vane rotary... . 

Lobed rotary....... ? 


Pack SEALED 


Single piston double acting * 

Four piston single acting. . 

Five piston single acting...| * 
Flexible membrane sealed . . | * 
Liquid bath sealed. .......| . 





lrift in the proof curve is between 
5 percent and 85 percent of the rated 
capacity of the meter. For this reason 

is better to select a meter of a size 
to operate within these limits. 

For liquids, film sealed class or the 
pack sealed class are satisfactory. For 
flow control, application factors include 
the load to be driven, amount of allow- 

ble pressure loss, and the measuring 

curacy. In general, the pack sealed 
meters are less subject to variation in 
measuring accuracy from change in 
driven load on the measuring element 
than are the film sealed meters that 
have less pressure absorption. Gen- 
erally, the film sealed meters will show 
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somewhat greater slip at rates of flow 
below 15 percent than will some of the 
pack sealed piston meters. 

Measuring accuracy in liquid hydro- 
carbon service approaches 0.2 percent 
in most installations and 0.1 percent 
under special conditions. 

In gasoline stations many pack sealed 
piston meters operate with 0.2 to 0.3 
percent over long periods while carry- 
ing large computing register load with- 


out appreciable drift in calibration. 

Present usable flow rate capacities in 
positive displacement meters for pre- 
cision measurement of liquids range 
from 4 or 5 g.p.m. to 400 g.p.m. De- 
velopment work on satisfactory meters 
smaller than 4 or 5 g.p.m. is going on 
and soon there should be a satisfactory 
meter emerge to meet the consistent 
demand for the small sizes from ™% 
to 5 gallons per minute. 





Instrument 


From conference paper “Future Trends in 
Instrument Bearing Design" by J. H. Goss, 
General Electric Co., presented at First Na- 
tional Instrumentation Conference of Instru- 
ment Society of America. 


Two BASIC PRINCIPLES for supporting 
the moving system of an indicating in- 
strument and to allow operation in dif- 
ferent attitudes in space as required 
for airplane service are: 


(1) The friction should be reduced 
to a minimum initially and a low value 
maintained over the useful life of the 
instrument. 

(2) The positioning of the moving 
element with respect to the fixed parts 
must be accurately maintained. 


TRENDS IN Pivots. Carbon steel for 
instrument pivots, is’ still used as the 
primary material. Except for sustained 
vibration and extreme corrosion it is 
satisfactory. The general requirements 
of corrosion resistance such as were en- 
countered in the war in the Pacific 
were so severe that steel pivots were 
seldom the limiting factor. The trend 
during the latter part of the war was 
toward hermetically-sealed instruments 
and this will probably continue for mili- 
tary needs. 

There is no particular stress on the 
problem of a noncorrosive pivot al- 
though it is still desirable if available 
at little extra cost. 

Under sustained vibration, such as 
is experienced in aircraft service, car- 
bon steel forms wear products com- 
posed largely of iron oxide. This is 
particularly true with sapphire jewels; 
the iron oxide greatly increases the fric- 
tion torque by both destroying the 
geometry of the pivot and jewel and by 
increasing the coefficient of friction be- 
tween the rubbing surfaces. 

The obvious solution is to use non- 
ferrous pivots, but necessary hardness 
rules out many materials. Two general 
types of pivots have been used exten- 
sively. One is the tipped pivot. This 











Bearings 


is a small ball of alloy material, usu- 
ally an alloy of the noble metals such 
as platinum and iridium, welded to a 
ductile shank such as phosphor bronze 
and then ground and polished to the 
final shape. The other is an alloy 
pivot of tantalum and tungsten that is 
hardened by nitriding the case. 

A nonferrous alloy is needed that 
can be hardened to at least 65 Rock- 
well C scale and that lends itself to a 
reasonable manufacturing process with 
an overall cost intermediate between 
the cost of the present steel pivot and 
the more expensive nonferrous pivots. 
The cost of the raw material in a 
miniature instrument pivot is a small 
factor in the cost of the completed pivot 
and would justify a high material cost 
if fabrication could be readily done. 


TRENDS IN JEWELS. Sapphire jewels 
are satisfactory for general applica- 
tions. However, the war experience 
showed that high-grade glass jewels, 
properly applied, met the requirements 
of small panel instruments completel 
and that small ring jewels were ade- 
quate for the bulk of aircraft instru- 
ment requirements. 

Further improvements need to be 
made in order to make glass jewels 
universally interchangeable with sap- 
phire jewels, particularly for the heav- 
ier moving elements. The hard glass 
used for the best quality glass jewels 
has a hardness in the order of 500 
Knoop scale as compared with 1,200 
to 1,500 for sapphire. With this dif- 
ference in hardness, it would appear 
that there is little chance of improving 
glass to match sapphire. However, 
sapphire is much harder than _neces- 
sary, as the hardness of steel pivots is 
in the order of 850 Knoop. An im- 
provement in the hardness of glass of 
100 to 200 points Knoop would be 
adequate for most applications. Future 
development work along the line of 
producing harder glasses that can be 
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worked by hot-forming 
pears promising. 


methods ap- 


Some New DEvELOPMENTS. 


Synthetic 
lubricants, such as 


the silicones, that 
have a small change in viscosity with 
temperature, and a low evaporation 
rate may make possible universal lubri- 
cation of instrument 
wear is a problem. 


bearings where 
A well-lubricated 
bearing does not form iron oxide even 
with a steel pivot and, as a result, the 
wear is greatly reduced. With such a 
bearing there is little change in fric- 
tion over a long period of life. The 
flat viscosity characteristics of these oils 
minimize any change in damping with 
changes in ambient temperature and 
the low evaporation rate allows the 
use of a small initial quantity. Some 
provision in bearing designs to provide 
storage for the lubricant by capillary 
action is indicated. 


Elastic Nylon 


From “Elastic N-Substituted Polymides", by 
Ray C. Houtz and W. W. Watkins, E. |. du 
Pont de Nemours and Company, Buffalo, pre- 
sented at the annual meeting of the Ameri- 
can Chemical Society, Atlantic City, N. J., 
April 10, 1946. 
ELASTIC NYLON, newest addition to the 
growing family of polyamides, has been 
made on an experimental scale. Tex- 
tile fibers made from certain of these 
new nylons, technically known as n- 
substituted polyamides, have — elastic 
properties approaching those of rubber. 
The elastic properties of the n-sub- 
stituted polyamides can be varied over 
a rather wide range, depending upon 
the molecular structure of the 
pound. One type, 
isobutyl 610, can be 


com- 
referred to as 
stretched 250 to 
400 percent, in comparison with 600 to 
1100 percent for rubber. The elastic 
recovery of this nylon is of the order 
of 95 to 99 
with 100 


percent, in comparison 
percent for rubber. Nylon 
yarn of the type now used in hosiery, 
which has the highest combination of 
strength and elasticity of any fiber now 
in commercial use, has an elongation of 
only 15 to 25 percent. 

The “elastic modulus” of the n- 
substituted polyamide—the 
quired to stretch it 100 
about 


force Fe- 
percent is 
times that of a cor- 
responding rubber fiber, while the ten- 
sile strength of 


twenty 


the elastic nylon is 
about five times as great. 
The 


represent 


n-substituted 
only a 


new polyamides 
laboratory develop- 
None of this material described 
is now commercially available, or will 
be for some time to come. 


ment. 
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Weathering of Plastic Insulation 


From "Effect of Weathering on Insulation Re- 
sistance of Plastics," by Leslie H. Campbell, 
Arthur H. Falk and Robert Burns, Bell Tele- 
phone Laboratories. Presented June 28, 
1946, at the annual meeting of the Ameri- 
can Society for Testing Materials. 


‘THE DELETERIOUS EFFECT of sunlight 
on the insulation resistance of hard 
rubber and other of the older insulators 


is well known. The purpose of this 


paper was to furnish similar informa- 
tion on several of the plastics of com- 
merce that are finding increasing usage 
in the electrical industries. 

When a new material is proposed for 
use in communication apparatus, one of 
the first tests is for insulation resistance. 
If it is not a good insulator its availa- 
bility for precision electrical equipment 
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Fig. |—Change in insulation resistance of thermoplastic resins with exposure. 
Fig. 2—Change of insulation resistance in thermosetting resins with exposure. 
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Fig. 3—Change in insulation resistance with natural and artificial exposure— 
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Fig. 4—Pattern of insulation resistance measurements on plastics specimens, 


tested outdoors and under glass. 


is seriously restricted. Direct current 
insulation resistance (IR) may not 
even be of prime importance in many 
applications; for example, high dielec- 
tric strength may be paramount. Nev- 
ertheless, its chances of being adopted 
for general use in the communication 
field are rather slim if it is poor in 
IR. In addition, the IR test is an ex- 
tremely delicate measure of the pres- 
ence of moisture, its distribution and 
probable effect on many other proper- 
ties. 

The specimens were given the stand- 
ard humidifying treatment, measured 


for IR, then exposed to the weather. 
After suitable exposure, the samples 
were re-humidified and re-measured. 
The separate effects of direct exposure, 
as well as exposure under glass, are 
given. Data on the degrading power of 
light alone, and heat alone, are pre- 
sented. Figs. 1 to 4 give a summary 
of test results. 

Since most communication apparatus 
is engineered for long life and cannot 
be kept in darkness or entirely out of 
the weather, the data suggest discre- 
tion in the choice of plastics. As a class 
they are unusually good. 





Anti-Fouling Paints 


From “The Inactivation of Highly Pigmented 
Anti-Fouling Films Applied to Steel,” by 
Allen L. Alexander, Naval Research Labora- 
tory, and Robert L. Benemelis, University of 
Cincinnati, read before the Paint, Varnish, 
and Plastics Division of the American Chem- 
ical Society at Chicago, September 12, 1946. 
FROM THE EARLIEST PUBLISHED DATA 
relative to effective anti-fouling paints, 
copper and its derivatives have played 
an important role. Cuprous oxide has 
become one of the most widely used 
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materials as an active ingredient for 
anti-fouling paints applicable to steel 
hulls. The tendency to avoid metallic 
pigments such as copper flake and cop- 
per powder has been prompted by the 
fear that the presence of metallic 
copper in close contact with steel would 
produce accelerated corrosion resulting 
from the galvanic action likely to occur 
as the result of local cell action. 

In the early stages of the war, the 
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production of ships by the U. S. Navy 
and the Maritime Commission pro- 
ceeded at such a rate that existing 
sources of cuprous oxide were grossly 
inadequate to meet the demand. New 
sources for anti-fouling pigments had 
to be found. The ability of copper 
flake and copper powder to prevent 
the attachment of fouling organisms 
was well established, and therefore 
offered one of the most likely materials 
of promise. This paper described some 
experiments that were conducted to 
determine optimum pigment volumes, 
using metallic copper that could be 
tolerated without the probability of ac- 
celerated corrosion to galvanic action. 

Recently published data have indi- 
cated that cuprous oxide as well as 
copper flake and powder, when incor- 
porated into a standard anti-fouling 
matrix at a minimum pigment volume 
of approximately 20 percent, serve to 
prevent the attachment of fouling 
through the dissolution of copper ion 
for extended periods. This figure prob- 
ably represents the minimum value con- 
sistent with good protection during 
normal service periods between dock- 
ings. From an economic point of view, 
heavier pigment loadings are more prac- 
tical. However, it was believed that at 
some high pigmentation the individual 
pigment particles of copper might not 
be sufficiently insulated to prevent elec- 
trical contact with the metal to in- 
sure against accelerated corrosion. In 
addition to the danger of corrosion, in 
the event the paint film performs as 
a cathode, the effectiveness or efficiency 
of the paint itself would be impaired. 
It has been demonstrated that a metal 
bar bolted to a wooden panel finished 
with a standard anti-fouling paint in- 
activates the paint for a considerable 
radius. This lead to speculation that 
the film itself may act as a conductor 
in the plane of the film. 

In order to fully evaluate this phe- 
nomenon, a series of paints were pre- 
pared, varying in pigment volume from 
5 to 45 percent. Attempts were made 
to measure the resistance of these films 
in the plane of the film under con- 
trolled conditions. The data indicated 
that at pigment volumes somewhere 
above 25 percent, the resistance in the 
plane of the film may be reduced to 
finite values that permits them to per- 
form as cathodes when applied to steel. 
In additional experiments films of the 
paints were applied to panels of Lucite 
and connected electrically through a 
known resistor to a sheet of steel of 
the same area, after which the couple 
was immersed in artificial sea water 
for extended periods. During this ex- 
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posure, the amount of current devel- 
oped by the cell was observed by meas- 
uring the IR drop across the known 
resistance. Again it was demonstrated 
that at higher pigment volumes an ap- 
preciable current is produced, compara- 
ble to that derived by coupling a sheet 
of copper to steel employing similar 
surface areas. 

Once it had been demonstrated that 
the more highly pigmented films do 
possess easily recognized properties 
such as low conductivity, a series of 
paints of varying pigment volume were 
applied to panels of steel and wood and 





immersed for a period eight months in 
Biscayne Bay, at Miami Beach, Flor- 
ida, an area particularly noted for a 
high rate of fouling. At the end of 
three months, on the average, the highly 
pigmented metallic copper films applied 
to steel were completely fouled. The 
same paints applied to wood were per- 
forming adequately at the end of eight 
months as were the cuprous oxide pig- 
mented films applied to both wood and 
steel. This clearly demonstrates the 
fact that where pigmentation reaches a 
value sufficiently high to produce films 
of low resistance, a sharp reduction is 


PPB BBP PIII III III OPO Oe 


to be expected in the efficiency of the 
anti-fouling characteristics of the film. 

The conclusion was reached that at 
medium pigment volumes, somewhere 
in the neighborhood of 20 to 25 per- 
cent, copper flake and copper powder 
may be used safely as anti-fouling pig- 
ments in paints intended for application 
to steel, without undue danger of ac- 
celerated corrosion or inactivation of 
the paint. On the other hand, pigment 
volumes having 25 and 30 percent may 
result in serious galvanic action produc- 
ing accelerated corrosion and inactiva- 
tion of the anti-fouling paint. 





Factors That Affect Choosing 


From “The Technical Editor Speaks" in 
Mechanical Topics, Vol. 9, No. 2, A publica- 
tion issued by the International Nickel Co., 
Inc., 67 Wall St. New York, N. Y. 


SELECTION OF A GASKET depends upon 
the mechanical features of the flanged 
assembly, operating conditions and gas- 
ket characteristics. These three cate- 
gories can be subdivided into factors 
as shown on the accompanying chart. 
Since the factors are interdependent, 
all must be considered in selecting a 
satisfactory gasket for an installation. 

In general, flange design controls 
the selection of the gasket type; op- 
erating conditions govern the choice of 
gasket materials. A tight seal exists 
only as long as the clearance is zero 
between the gasket and the flange sur- 
faces. In most flanged assemblies zero 
clearance is brought about by flow of 
gasket surfaces into the imperfections 
of the flange faces. The force re- 
quired to make the gasket material 
flow effectively is known as the yield 
or seating force. Seating stress, which 


is usually expressed in pounds per 
square inch, is independent of the con- 
fined pressure, and consequently a mini- 
mum stress must be applied to the 
gasket for a tight seal even when the 
pressure to be held is low. 

As internal pressure is applied to a 
easket-and-flange assembly, an axial 
force tends to separate the flanges, 
thereby reducing the effective stress on 
the gasket. Leakage will develop if 
the axial force reduces the _ initial 
seating force sufhciently. The ratio of 
this resultant gasket stress, which can 
be determined from the _ relationship 
between the axial force and the initial 
seating force, to the internal pressure 
is called the “gasket factor”. For all 
practical purposes, the gasket factor is 
a constant throughout a wide range of 
pressures for a gasket of given con- 
struction, composition and dimensions. 

The seating stress and gasket factor 
values for any gasket depend upon the 
hardness and surface condition of the 
materials, and upon the resilience of the 


a Gasket 


construction and its dimensions. Values 
for many of the standard metallic and 
nonmetallic gaskets have been estab 
lished and will be found published in 
the ASME Unfired Pressure Vessel 
Code and elsewhere. 

Temperature and corrosive nature of 
the application are among the most im- 
portant of the operating variables that 
influence gasket selection. Gasket con- 
struction talls into one of three groups, 
depending upon the properties of the 
gasket to resist heat: Nonmetallic gas- 
kets and those containing metals of low 
melting-points are generally limited to 
temperatures below 250 deg. F. Sem 
metallic gaskets made of asbestos, eithe: 
partially or completely clad with metal, 
may be used at temperatures up to 
850 deg. F. Above 850 deg. F., only 
all-metal gaskets are satisfactory. 

Bolting, surface finish of the flang 
faces, and good installation are among 
the important mechanical features of 
the flange design that influence gasket 
selection. 
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PRECISION SNAP-ACTING SWITCHES —|I 


A. L. RICHE 


Vice-President, Micro Switch 


Small precision snap-acting switches are especially useful in applications where low actu- 


ating force or small mechanical motion is available or where accurate repeatability is re- 


quired. Principle of operation, significant operating characteristics, electrical and me- 


chanical application factors for general purpose and ultra-small types are discussed. 


PRECISION, snap-acting switches 
are increasingly used in automatic and 
semi-automatic machinery, especially 
where only small actuating force or 
actuating motion of the order of 0.001 
in. is available or where accurate re- 
peatability of a preset operating cycle 
is essential. Because ot their small size 
and inherently large electrical switch- 
ing capacity, they often fit into spaces 
that are too small for most conven- 
tional switches. 

These small, snap-acting switches 
have many functional uses in auto- 
matic controls. For example, small 
operating force and motion is import- 
ant in coin actuated machines and 
small operating motion is essential in 
accurate thermostat controls. Precise 
repeatability is required by many types 
of limit switch control and machine 
tool carriage stops. Small size and 


light weight are especially important 


Pre DUCT 





in aircraft applications, instrument 
uses, and in devices such as slug re- 
jectors in coin operated devices. The 
relatively large electrical rating of the 
switches often makes it possible to 
avoid the use of auxiliary relays since 
motors can be controlled directly at 
line voltage by the precision switches. 
Oil burners and many machine tools 
make use of such simplification. With 
reliable life expectancy ranging from 
500,000 to 5,000,000 
snap-acting switches are particularly 


operations, 


useful for safety controls, counting 
operations, automatic sorting, gaging, 
and similar applications. 


Operating Principle 


The operating and _ performance 
characteristics of precision, snap-act- 
ing switches are substantially different 
from other types such as_ knife 
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switches, ordinary quick-make quick- 
break toggle switches, and mercury 
switches. ‘The operating principle and 
internal construction of a typical pre 
cision, snap-acting switch that snaps 
the contacts from one position to the 
other in 0.004 sec. is shown in Figs. 1 
and 2. The long center member of 
the spring is mounted in cantilever 
fashion and is held in tension by two 
shorter side members supported in 
compression in formed V-blocks. 
The fine silver contact, carried at 
the free end of the spring, is normally 
held against the upper fixed contact by 
a combination of cantilever stiffness of 
the center member and the couple, 
formed by the compression and tension 
members, that tends to rotate the 
spring about the cantilever mounting. 
As the operating plunger forces the 
tension member downward, upward 
forces are overcome and when the 
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equilibrium point is passed, the couple 
produced by the tension and compres- 
sion members is reversed. Reversal of 
the couple carries the contact rapidly 
downward. force 
from the plunger through the spring 
to its outer end necessarily deforms 


Transmision of 


the center member and stores energy 
in it. The stored energy released at 
the moment of reversal of the couple 
adds to the speed of snap motion of 
the contact. 

As the operating point in either 
direction is approached, pressure be- 
tween the moving and fixed contacts 
approaches zero. However, the rate 
of approach of this zero contact pres- 
and the 
point of couple reversal is so sharp 
that clean break is experienced. ‘This 
is true even on extremely slow actua- 


sure condition is so steep 


tion, such for example, as in thermo- 
stats. 
to the spring is limited by restricting 


The stress that can be applied 


the travel of the operating plunger. 

Much of the compactness, reliabil- 
ity, and efficient utilization of the 
operating motion of prec:sion, snap- 
acting switches is obtained by the use 
of beryllium for the leaf 
springs that produce the snap action. 
In addition to its exceptional fatigue 


copper 


strength, beryllium copper has the 
lowest electrical resistance of any 
comparable spring material and forms 
excellent electrical joints with brass or 
silver and is res stant to corrosion. 
For interchangeability, most avail- 
able switches of this general type have 
about the same mounting dimensions 
However, 
the designs of various makers differ 
in their leaf spring mechanisms and 


as those shown in Fig. a 


thus provide a wide range of perform- 
ance characteristics that meet almost 
any design requirement. For special 
applications, metal inclosures protect 
against mechanical damage, oil, and 
dirt, and various types of operating 
linkages are used to protect switches 
against excessive force and to trans- 
late available operating force and mo- 
tion to the direction and value that 
produce the best switch performance. 


Some Application Factors 


The three significant operating 
characteristics of any precision, snap- 


acting switch are: 
1. OpERATING Force, or the force 


that must be applied to the operating 
plunger to cause the switch to operate. 
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2. DIFFERENTIAL Force, or the 
amount that the operating force must 
be reduced to allow the switch to 
snap back to its original position. 

3. DIFFERENTIAL Morion, or the 
distance that the operating plunger 
must move to cause the switch to snap 
from one position to the other. 

In addition, “pretravel” of the 
plunger from the free position to the 


” 


switch operating position, and “over- 
travel” beyond the operating point 
are sometimes of importance. ‘These 
relationships are shown in Fig. + dia- 
grammatically. 

To a reasonable degree, different 
combinations of these operating char- 
acteristics can be best matched to fit a 
given design requirement. ‘Total op- 
erating force for different types of 
switch will range from a fraction of 
an ounce to. several with 
“movement differential” from 0.0002 
to 0.002 in. “Differential force” will 
vary with type of switch and is al- 


ounces 


ways a fraction of the total operating 
of 
of regular types of switch may be as 
+(0).000 75 in. 
of switches give reproducibility of the 
point of opeiation with a variation no 
greater than 0.0001 in. Such preci- 
sion of repeatability, however, requires 


force. Precision “repeatability” 


wide as Special types 


that the switch carry only pilot elec- 
trical loads, usually considered as a 
maximum of 10 watts at 120 volts for 
alternating current. 


Little general guidance can_ be 
given with safety for applying preci- 
sion switches to d.c. loads. Applica- 


tions on d.c. are critically dependent 
upon the individual application, volt- 
This 
is especially true for d.c. inductive 
loads, such as solenoids, relays and 
Non-inductive d.c. loads, 
such as incandescent lamps and heat- 


age, and the circuit constants. 


magnets. 


ers, are less severe, but they too intro- 
duce problems. For example, the 
initial inrush from an_ incandescent 
lamp load may be 15 times that of 
the heated filament. Also, if the cir- 
cuit is to be interrupted, a protective 
circuit with matched constants should 
be used with the switch to assure con- 
tact life and satisfactory switching 
behavior. 

Many of the precision snap-acting 
switches are Underwriter approved 
for 1,200 volt-amp., a.c., from 115 to 
460 volts. The large a.c. interrupt- 
ing capacity in small space is obtained 
by quickly separating the contacts only 
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Fig. 1— Principle of operation of 
a typical precision snap-acting 
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a few thousandths of an inch instead 
of the usual substantial fractions of 
an inch. 

The theory of interrupting an alte: 
nating current circuit by small con- 
tact separation is complicated.  Al- 
though there are many other factors, 
in a sense, the arc is extinguished as 
the voltage goes through zero and 
does not rekindle because the gap does 


not remain ionized. QOn a.c. loads ot 


‘7 
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Fig; 3—~ Basic dimensions are_practically 
standard for all makes of switches. 


Typical Application of two Switches for 
industrial Temperature Control 


Heater contro! switch 
A. 
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Contacts rérmain closed 





@) Release position; 
position of pin at instant 
switch contacts snap open 






Release force, 
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(Note: Plunger action is exaggerated in schematic) 
Fig. 4—Diagrammatic chart of operating movement characteristics. 
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Basic Contact Arrangements 
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Fig. 5— Common contact arrainge- 
ments and control cirgyits. 
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more than 5 amp. it is important that 
the speed and distance of separation 
be selected to produce a minimum of 
contact erosion, because too fast or 
too slow motion or too wide a gap 
may seriously limit contact life. The 
light weight of the moving contact 
and the high contact pressures make 
switches reliably operative in the pres- 
ence of relatively severe impact or 
acceleration forces acting on them. 
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The most commonly used contact 
arrangements for switches of this type 
are single pole, normally open, nor- 


mally closed, and double throw, as 


shown in Fig. 5. 


Another variation, 


also shown, is a type of switch that 
closes the normally open contact be- 


fore the normally closed contact is 
broken. For special applications, split 
contact switches 


1947 


type a single moving contact simulta- 


neously closes circuits with two sep- 
arate fixed contacts in “either of its 
two positions as the schematics show. 


Low Voltage Loads 


Small loads, at vanishing low volt- 
age, are difficult to close reliably. For 
example, even clean, smooth silver sur- 


In this faces in firm mechanical contact may 





fail to complete the low voltage con- 
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RIGHT AND WRONG METHODS OF APPLYING PRECISION SWITCH 
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Table |—Hints for Applying Precision Switches to A. C. Loads 





Electrical load: 
Non-inductive heater loads with no initial 
inrush, like nickel chrome resistance 
Incandescent lamps may have an initial 
inrush of current 10 to 15 times the 
heated values 
Solenoids relays, coils, magnets and 

milar inductive loads 


\ Oltayve 
Probable contact lite 


Rate or frequency of operation 
Contact separation 


Temperature operating range 


Maximum temperature rise in current 
carrving parts 


«230 volts. 


1,200 volt-amp. load ranging from 115 to 460 
volts 

Normally closed switches: 500 watts, 115 to 
Normally open switches: 250 
watts, 115 to 230 volts 

Impedance varies with position of plunger; 
initial inrush may be 10 times current drawn 
with plunger seated. Maximum inrush on 
normally open contacts must not exceed 15 
amp.; and 30 amp. on normally closed con 
tacts at 110 volts 


110 to 460 volts for 25, 50, 60 and 400 cycles 


50,000 to 1,000,000 depending on service 
300 operations per min., max. 

No effect on interrupting ability; but wide 
contact separation resists effect of me- 
chanical shock, vibration, and acceleration 


General purpose type: — 30 deg. F., to 160 
deg. F. Special design: — 100 to 400 deg. F. 
30 deg. C for industrial use; 65 deg. C for 
aircraft use 





Fig. 6—Ultra-small precision switches for linear or rotary operating motion are 
about one-fourth as big and one-third as heavy as the general purpose type. 
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Fig. 7—Ultra-small precision switches are used where space is limited. 





Propucr ENGINEERING — FEesRuaRy, 1947 





nection of a bridge or thermocouple 
circuit. A recently developed method 
to increase the unit contact pressure 
and thus penetrate the invisible film 
on the surface of the contact to obtain 
positive contact, is to serrate one of 
the surfaces (patent 


shown in Fig. 2. 


pending) as 
In addition, the 
ridges form multiple contact points. 

Serrated contacts are also useful 
for switching heavy loads since they 
avoid the tendency of cross knurled 
contacts to lock against wipe motion 
after the contact surfaces have become 
roughened by use. As shown in Fig. 
2, the ridges run in the direction of 
the wiping motion. Deformation of 
the center member, as it transmits 
force from the plunger to the contact 
end of the spring, slightly rotates the 
contact so that the edges of the serra- 
tion wipe against the fixed contact to 
cut clean lines. 

The contact material most gen- 
erally used is superfine silver, 99.95 
Silver is the best of all 
metals as a conductor of both heat 
and electricity. 


percent pure, 


As a result, current 
flowing through the contacts produces 
minimum heating and the heat that is 
produced is conducted away rapidly. 
Also, the sulphide tarnish that forms 
on silver is a relatively good conductor 
and returns to metallic silver upon 
slight heating. Other contact mate- 
rials are sometimes used for d.c. loads. 


Ultra-Small Switches 


In addition to the highly accurate 
tvpe of general purpose precision 
switch previously discussed, an ultra- 
small type, Fig. 6, is helping solve 
special ‘These 
one-fourth the 
volume and one-third the weight of 


problems. 
about 


design 
switches are 


the general purpose precision switches, 
and on alternating current are rated 
10 amp. 110 volts, or 5 amp. 220 


volts. Uses of ultra-small precision 
switches, Fig. 7, include — limit 
switches, control switches, safety 


switches, and other uses where space 
is limited. The tiny switch operated 
by rotary motion is a relatively recent 
development. It requires an applied 
torque of only 0.14 ounce-inch. 
Ultra-small precision type switches 
are especially useful in coin operated 
machines. As a good coin travels 
toward the cash box, after it has 
passed inspection by the slug rejector 
that sorts the good from the bad, its 
roll operates a cam action that holds 
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the switch contacts closed for an ap- 
preciable time. Both the clean make- 
and-break operating characteristic and 
the long “dwell”, shown in Fig. 8 
(4) are essential for positive opera- 
tion of the relays that control delivery 
of merchandise or change. 
Comparisons are given in Table I] 
of some of the significant physical 
and performance characteristics of 


both the pin operated and rotary op- 
erated ultra-small switches with those 
of the general purpose type. 
Although each application of any 
type of precision snap acting switch 
is an individual problem, the forego- 
ing principles will usually give the 
best overall results. As might be 
expected, if one phase of the operating 
requirement is exceptionally severe, 


some other characteristic of the switch 
should be reduced. For example, 
when exceptional accuracy in repeat- 
ability or extra long life is necessary, 
the electrical load should be as low 
as practical for best performance. 
Typical diversified examples of how 
designers are applying these principles 


when using precision switches will be 


discussed in a later article. 





Table Il—Comparison of Ultra-Small and General Purpose Switches 





Volume, overall 
Length X width X depth, overall ] 
Net weight 
A.c. rating 
Volts 
Amp. 
Characteristics 
Operating torce 
Release 
Pretravel 
Overtravel 
Movement differential 


Linear Motion 


aM 7 


1,100 volt-amp. 


Ultra-Small Types 


0.49 cu. in. 
0.617 Ib. 0.018 Ib. 


110 or 220 
10 or 5 10 or § 


6 to 14 OZ 

4 oz., min. 
3/64 in., max. 
1/32 in., min. 


0.006 to 0.016 tn. 





Rotary Motion 


0.83 cu. in. 

8X 13/32, in 1 1/16 4 3/64 X 3/4, mm. L TS/86 KM 27752 MK P1/ 16,0 

1,100 volt-amp. 
110 or 220 


+ gram-in., max. 
1/8 gram-in., min. 
20 deg., max. 
20 deg., min. 
10 deg., max. 


General Purpose 
- —| Precision Switch 


1.12 cu. in. 


0.063 Ib. 
1,250 volt-amp 
125 or 250 
10 or 5 


Yto 13 Oz 
4 0z., min 
0.020 in., max. 
0.005 in., min. 
().0004 to 0.0020 in. 
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Fig. 8—Oscillograms showing three types of contact performance characteristics when switches are o>erated by 
coins in vending machine. (A) In addition to clean make-and-break, contact remains closed 0.9 seconds to insure 
reliable relay performance. (B) A fluttering contact or (C) too brief a contact are undependable for relay contro! 
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INVOLUTE ‘TOOTH shapes are 
frequently modified to obtain gears 
of specific operating qualities. Among 





the reasons for modifying gear teeth, 
the Rolls-Royce and Packard Com- 
panies use modified tooth profiles to 
avoid scuffing on heavily loaded gear 
teeth. 
which is based upon experience and 
verified by laboratory tests and serv- 
ice data, is incorporated into the de- 
sign of the gear teeth; it is produced 
on the teeth after cutting by special 
tooth-grinding equipment. 

Tooth modification, in accordance 
with the practice preferred by the 
Packard Company, consists of reliev- 
ing the teeth by the removal of metal 
between the pitch line and tips, Fig. 
2 (A). Rolls-Royce practice is to 
remove metal from both the face and 
flank, for their grinding equipment 
is better adapted to modifying the 





The amount of modification, 


Fig. 2—{A) Profiles of modified teeth 
lie within curves bounded by involute 
curves; (B) Modified teeth have a 
shorter line of action than involute 
teeth of the same tooth proportions. 


. wn 
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Fig. 1—A closed-circuit gear-testing fixture. 


FOREST R. McFARLAND 


whole tooth depth rather than the 
addendum only. 

Net relief during the meshing of 
mating teeth accounts for the im- 
proved running qualities; hence, the 
design of a gear pair and the cor- 
responding reliefs specified on the 
drawings of the gear and pinion aim 


Two pairs of equal ratio gears, mounted on opposite ends of two 
parallel shafts, can be subjected to any degree of loading by winding calibrated torsion shaft that carries the pinion. 


Tooth Deflection and Scuffing 
In Design of Highly Loaded Gears 


Chief Research Engineer, Packard Motor Car Company 


to yield a suitable net relief. How the 
relief is divided between the gear and 
pinion and whether it is distributed 
over the whole depth or confined to 
the addendums are matters that can 
be decided to favor convenience and 
economy of production, the choice of 
distribution being immaterial so long 





Lengtt 


of action -frue invo/uTe 


modified involute 


Length of oction 


rue involute ” 





(A) 
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Reliet U- Relief yA 
Packard Rolls Royce 
Method Method 


- Contact begins here 
moditied tnvolute 
_ Contac# ends here 


\ modified involute 














Severe scuffing 


Improper /ubricatior 


wey 


Mila scuffing 


as the net relief is of proper amount. 

Modification of the type indicated 
in Fig. 2 makes the contact ratio less 
than that of true involute teeth. Since 
metal is removed at the tip to provide 
a ramp, initial contact of teeth under 
full load occurs slightly below the tip. 
Packard experience recommends that 
this distance, or ramp as it is called, be 
about 0.030 in. for gears of 3 to 5 
diametral pitch. 

Measurement of the ramp must be 
made with the teeth under full load 
because the relief is gaged to offset the 
deflections caused by load and thereby 
to ease the transfer of the load from 
one pair of meshing teeth to the next. 
Visual inspection of the ramp can be 
used to indicate whether the correct 
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amount of net relief has been pro- 
vided. In this respect the ramp serves 
as a means of checking design calcu- 
lations. 


Conversely, for known 


amounts of tooth relief measured 
magnitudes of the ramp can be used 
in calculations to determine the tooth 
deflections 


This is especially helpful in develop- 


caused by tooth loading. 
ing modifications for gears of different 
web or spoke design. 

Initial contact at a point removed 
from the tip aids lubrication since the 
lubricant, which is squeezed between 
the curved tooth surfaces, is less likely 
to be scraped off by the tip edge of 
the tooth coming into mesh. Initial 
contact below the tip also insures that 


the engagement from the beginning 
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Fig. 3—Scuffing of the type that 
tooth modification has been helpful in 
correcting. 


Fig. 4—Reduction gears, 25 deg. 
pressure angle, of proper design after 
model test. 


Fig. 5—Charts showing amounts of re- 
lief on addendums of gear and pinion 
with the corresponding net relief. 


will encompass an area on the teeth. 
This is important in heavily loaded 
gears where initial engagement at thi 
tip is likely to cause scuffing. 

When manufacture of the Rolls 
Royce aircraft engine was begun by 
Packard in 1941, one of the first de 
ficiencies to be encountered 
scufing of the reduction gear teeth. 
Scufiing occurred principally on the 
addendum of the 44-tooth gear and 
the dedendum of the 21-tooth pinion, 
Fig. 3. The diametral pitch is 3.7616 
and the pressure angle is 20 deg. ‘The 
material, designated as AMS. 6253 
has 0.09 to 0.14 percent C, 3.25 to 
3.75 percent Ni and 1.25 to 1.75 pet 
cent Cr, being heat-treated to a min 
mum hardness of C-59 Rockwell 
the pinion and C-57 for the gear. 

The items contributing to scuffing 
were lack of proper profile on teeth 


Was 


improper mounting of gears, lack of 
parallelism of teeth, lack of proper 
surface finish, and improper lub 


tion. Relief of the teeth, thereby s 



















pressing the contact ratio from 1.68 
to 1.35 was a major contribution in 
reducing rejections in the factory be- 
cause of scuffing to less than half a 
percent. Fig. 4 shows a set of 25 deg. 
pressure angle gears after model test, 
designed in accordance with the 
method outlined. The net relief orig- 
inally designed into these gears was 
not revised after test or production 
experience, and the scuffing was prac- 
tically nonexistent. 

Practice at Packard has been to 
subject each pair of reduction gears to 
an acceptance test. Service experience 
has shown that if the gears do not 
scuff during the acceptance run, they 
are not likely to scuff afterward. 


Design Procedure 


Determining the amount of relief 
suitable for an existing gear pair is a 
simpler task than determining the 
amount of relief for a gear pair of 
new design. As indicated in a fore- 
going paragraph an existing gear pair 
can be tested under full load; the ef- 
fects of a stated amount of relief can 
be observed; and the net relief ad- 
justed to suit the conditions of loading 
and deflection. 

Relief and the effects of deflection 





can be charted for convenience. Fig. 5 
shows typical charts where the modi- 
fication has been increased. Modifica- 
tion of the pinion tooth profile in 
thousands of an inch from the true 
involute is shown above the zero line; 
that for the gear is shown below the 
zero line. The net relief is the differ- 
ence 4 minus B. As shown in the net- 
relief chart, A is taken to coincide 
with entering engagement of the 
teeth. The net relief therefore repre- 
sents the clearance necessary to pro- 
vide for the deflection of the load- 
carrying teeth of the preceeding tooth 
engagement. The net relief for the 
pinion, shown by the curve in the 
right-hand portion of the chart, is 
established by the same procedure. 
The net relief varies from approxi- 
mately 0.0005 in. nominal for super- 
charger gears in the neighboorhood of 
10 pitch to approximately 0.0015 in. 
nominal for reduction gears in the 
neighborhood of 4 pitch. The point 
of initial contact where the net relief 
is measured is a few thousandths from 
the tip of the supercharger gears to 
0-031 in. for reduction gears. The 
variation from true involute at the 
tip of the gear on any one gear to pro- 
vide a ramp varied from approxi- 
mately 0.0007 in. for supercharger 











gears to approximately 0.005 for re 
duction gears. 

If the deflections caused by loading 
are available for a gear pair of given 
rim and web design, the relief for an- 
other gear pair of similar type but of 
different rim and web demensions can 
be calculated by a proportional rela- 
tionship. The new relief in terms of 
the known deflection D can be found 
from Equation (1) of Fig. 6, the 
quantities in the equation being de- 
fined by the diagram. 

‘Teeth bend as a body under load. 
Tooth deflection results in part from 
rim distortion as well as from bending 
of the tooth itself. In rim type gears, 
calculations of the deflection of a 
tooth as a nonuniform beam will ac- 
count for only a small percentage of 
the actual deflection. To calculate or 
approximate that part of the total de- 
flection resulting from rim distortion 
is even more complex than computing 
the deflection of a tooth rigidly sup- 
ported to its base. Obtaining the 
magnitudes of the deflections from ex- 
perimental or service data therefore 
avoids both the tedious work of com- 
puting deflections and any errors in 
the assumptions upon which the cal- 
culations would be based. Any dis- 
placement along the line of action can 
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Fig. 6—Tooth deflections resulting from rim distortion, bending of the tooth and other displacements can be consid- 


ered as rotations in analysis for design calculations. 
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be considered as a rotation about a 
point. In the 21/44 gear pair this 
point is taken at the middle of the 
rim. Stresscoat lines, as revealed in 
Fig. 7, support the middle-of-the-rim 
position for the point of rotation. 
Pressure angle affects the relative 
magnitudes of the deflections of the 
tooth and of the rim. From test re- 
sults of reduction gears, one pair hav- 
ing teeth of 25 deg. pressure angle 
and another having teeth of 20 deg. 
pressure angle, it was deduced that the 
25 deg. teeth align themselves mainly 
by deflecting radially, whereas the 
20 deg. teeth align themselves mainly 
by deflecting tangentially. A flexible 
web can be used advantageously in 
some designs to aid tooth alignment. 
Layout of a proposed gear pair is 
a good beginning to the design of a 
new combination. ‘Then surface pres- 
sure can be determined by the Hertz 
method and the relative sliding along 
the profile of the tooth surfaces can 
be calculated. The product of the sur- 
face pressure P, and the sliding 
velocity /’, designated as PI’ values, 
is treated as a basic quantity in the 
design of Packard gears. Such PI’ 
values up to 4,800,000 have been used 
in aircraft reduction gears where slid- 
ing is approximately 15 to 20 ft. per 
sec. Three million is suggested as a 
safe limit. Supercharger gears, which 
have high sliding, approximately 60 
to 80 ft. per sec., and much lower 
unit pressures than reduction gears, 
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Stresscoat indications 





Continental Aviation and Engineering 


Fig. 7—Stresscoat lines support the contention that teeth undergoing deflections rotate momentarily about points. 
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Fig. 8—{A) Diagram showing method of obtaining sliding velocity; (B) Graph 
of PV values for 21/44 gear combination for one tooth in action. 


have operated satisfactorily at PV 
values as high as 7.8 million, although 
six million is suggested as a safe limit. 
Moderate PV’ values make it easier to 
“live with” the other items contribut- 
ing to scufing. For further informa- 
tion covering the change of allowable 
PY’ values under change of sliding 
velocity, it is suggested the reader con- 
sult the paper of J. O. Almen and J. 
Straub given by Mr. Almen before 
the American Gear Manufacturers 
Association. 

One pair of meshing teeth is as- 
sumed to carry the entire load from 
the beginning of contact to the end in 


calculating PV values. Since power 
loss from friction must be a function 
of the pressure and the sliding 
velocity, equivalent PV values at the 
beginning and end of tooth engage- 
ment represent a form of balanced 
action. These values are “index” 
values only since contact is simply be- 
ginning and ending at these points. 
As an exception to the criterion of 
balanced action Packard has resorted 
to more recess than approach action as 
well as considerable “helical overlap” 
in helical gears for automobiles where 
quietness is of great importance. 
Sliding between two engaging teeth 
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occurs perpendicular to the line of 
action at the point of contact. The in- 
stantaneous tangential velocity of the 
driver V, and driven gear V2, Fig. 
8(A), around their respective centers 
of rotation are: 





rpm. (driver) ., 2x ; 

Sy X Fy X Ri = M1 ft. per sec. (2) 
. (driv 2 ; 2 

= (TED) 9c TF XX Ry = Wa ft. per sec. (3) 

Sliding Velocity = (Vz — Vi) (4) 


If FE, and Ez are the moduli of elas- 
ticity of the materials in the driver 
and driven gears, respectively, then 
the surface stress P, is given by 


Pp = (0.35 (normal force) ( 1/ R,+1/Rs) 
-\ face width (1/£; -+ 1/£2) 
Combining Equations (4) and (5) 
yields the PV value at any instant ot 
contact ; namely, 


P (V'2— F,), (lb. per sq. in.) (ft. per sec.) (¢ 


Graphically the PV’ values for the 
21/44 pair of reduction gears are 
shown in Fig. 8(B). The PV values 
for the original modification of the 
involute teeth are shown for compari- 
son, and the effects of further modi- 
fication on contact ratio are indicated. 
Experience at Packard is limited to 
contact ratios of 1.2 or larger. 
Further, the different percentages of 
the original line of contact at the two 
ends are indicative of the effort to get 
balanced action. Surface pressures in 
excess of 200,000 Ib. per sq. in., re- 
gardless of the sliding velocity, are not 


wk: 
a 


Fig. 10—Tooth contact on aluminum and mating steel helical gears after test. 


recommended although values as high 
as 250,000 have been used success 
fully. 

In designing new gears, the Lewis 
beam formula has been used for root 
stresses, application of the load being 
made along the tangent to the base 
circle at that point where one tooth 
takes all of the load. Velocity cor- 
rections have not been used. Calcula- 
tions of the force required to displace 
an isolated tooth during the time in- 
terval allowed for reduction gear 
teeth running at a pitch line speed of 
4.300 ft. per min. have been made. 
After due allowance for index errors, 
including the tooth modifications, the 
additional increment of force neces- 





Fig. 9—Supercharger gears. All the teeth on the large gear are nitrided. 
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sary to accelerate the tooth did not ap- 
pear great enough to warrant a cor- 
rection. 

Stresscoat lines, Fig. 7, are indica- 
tive of appreciable root stresses, but 
since failures from them have not been 
experienced, efforts have been directed 
toward the correction of scuffing and 
other deficiencies. Warpage during 
heat-treatment, web relief, fretting 
corrosion, and lightening holes are the 
source of the other factors that have 
given trouble. 


Helical and Bevel Gears 


Although the foregoing discussion 
has treated the correction of scuffing, 
on spur gears, the same method of bal- 
ancing the action has been used with 
equal success in the design of helical 
and straight bevel gears. Fig. 10 
shows the condition after test of an 
aluminum helical gear for driving a 
steel gear on a fuel pump. 

Modification of the helical teeth, 
which was patterned after that for 
the reduction gear teeth, enlarged the 
area of initial tooth engagement, and 
helped to insure satisfactory opera- 
tion of the gear set. 
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operating on this project would be difficult. 
The author wishes to express his apprecia- 
tion in particular to the following: J. C. 
Almen, Research Laboratories Division, Gen- 
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the line of attack, and also to J. Straub who 
was with the Division at the time; C. F. 
Bachle and W. T. Bean, Continental Avia- 
tion and Engineering Corp., for the Stress- 
coat picture of the rim deflection of a gear; 
and to H. L. Misch and J. Knowles of the 
Packard Research Division. 
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SILICONE RUBBER 


Properties and Applications 


E. M. IRISH and J. RAE STIRRAT 


Chemical Department, General Electric Company 


Possibilities in the use of silicone rubber for parts in which heat resistance, flexibility 
in tension and dimensional stability under compression are required. Physical and 
chemical properties of four formulations are given and applications are discussed. 


SILICONE RUBBER differs from 
conventional natural and_ synthetic 
rubbers in that it is based on silicon- 
oxygen linkages rather than 
linkages. The silicon-oxygen linkage 
markedly improves heat resistance and 
imparts chemical and electrical char- 
acteristics that are desirable in many 
industrial gasketing applications. This 


carbon 


recently developed material is _resili- 
ent and does not adhere to, or corrode, 
metal contacting surfaces. Cost reduc- 
tions, creating additional interest, have 
been effected by increased production 
and fabrication facilities. 

stocks withstand 
continuous exposure to temperatures 
of 300 to 350 deg. 
change in flexibility and surface hard- 


Silicone rubber 


F. with little or no 


ness. A test made in a hot dry air cir 
culating oven at 300 deg. F., with a 
sample of silicone rubber and a sample 
of a good synthetic stock, showed that 
the latter became hard and _ brittle 
after 36 hours, while at the end of a 
vear, the sample of silicone rubber was 
virtually unaffected. (Fig. 1). For 
short periods of time, silicone rubber 
can withstand temperatures as high as 
520 deg. F. At this temperature, even 
after several hours exposure, there is 
no evidence of cracking and gummi- 
ness which, at temperatures over 300 
deg. F., characterizes the 
breakdown of natural 
rubbers. 


Heat resistance of silicone 


surface 
and synthetic 


rubber 
has also been noted by permanent set 
measurements using the ASTM 
1)395-40T test method. In these tests 
a standard plug is compressed be- 
tween two metal plates to approxi- 
mately 70 percent of its original thick- 
ness and is then held at an elevated 
temperature for a standard length of 
After removed 


time. pressure is 
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ratio of the 
regained to the 
thickness compressed is called com- 
pression set. 


from the plug, the 
thickness not 


Although ordinary nat- 
ural and synthetic rubber compression 
set tests are conducted at 158 deg. F., 
it was found necessary to raise the 
testing temperature to 302 deg. F. 
before any 


for silicone rubber, appre- 


between formula- 
tions of silicone rubber could be noted. 
In permanent set tests, samples of 
silicone rubber have shown compres- 
sion sets as low as 15 to 20 percent. 


ciable difference 


At low temperature silicone rubber 
does not increase in hardness or be 
come stitf. Test specimens of silicone 


rubber show little change in elasticity 





Table I—Average Properties of Silicone Rubber 





Property 


Specific Gravity....... 
Durometer, Shore A.................. 
Compression Set, percent at 150 deg. C. 
Tensile, lb. per sq. in 


Elongation, percent. . 

Tear, lb. per in. 

Dielectric Strength, step-by-ste D. ee 
Volts per mil at 25 deg. C., short-time ..... 


Dielectric Strength, step-by-step. ......... 
Volts per mil at 100 deg. C., short-time . 

Dielectric Strength, step-by-step.......... 
Volts per mil at 150 deg. C., short-time .... 


Power Factor, 1 megacycle, dry........... 
Power Factor, 1 megacycle after 3 days, wet. 
Power Factor, 1 megacycle after 7 days, wet. 
Power Factor, 1 megacycle after 14 days, wet 
Power Factor, 30 megacycles, dry......... 


Dielectric Constant, 1 megacycle, dry... ... 
Dielectric Constant, 1 megacycle after 3 
days, wet. EST Ae) a ee 
Dielectric Constant, 1 megacycle after 7 
d; avs, wet. s 
Dielectric Constant, 
days, wet. eels the ee ee eta: bane eee 
Dielectric Constant, 30 me gacycles, dry. . 


1 megacycle after 14 


Loss Factor, 1 megacycle dry............. 
Volume Resistivity, megohms per cu. cm. 
Ww ater Absorption, percent, at 25 deg. c. 

fo OS RS AES eae eee ae eres 
Water Absorption, percent, at 100 deg. C. 
(7 days) - 
Forms Av ailable 


we reer ier. 














G. E. Type 
12600 12601 12602 12603 
ie 2.04 1.40 1.50 
40 60 70 8O 
30 45 35 30 
200 450 650 500 
225 150 110 100 
35 45 45 35 
300 260 385 400 
325 285 450 450 
305 255 510 385 
350 330 560 505 
400 335 620 505 
345 345 680 505 
0.00075 0.00045 0.0030 0.0037 
0.0105 0.0175 0.0045 0.008 
0.0142 0.0182 0.0045 0.0082 
0.0160 0.0179 0.00475 0 0085 
0.00310 High 0.00475 0.00735 
3.8 7.4 3.49 3.45 
4.40 10.10 5.25 3.60 
4.45 11.30 3.25 3.60 
4.90 10.70 3.20 a 
7.60 High 5.20 5.80 
0.00285 0.00333 0.00975 0.01278 
15x10 1.5x10 1.5 x 10° 1.5 x 10 
2.4 0.64 0.66 0.54 
7.1 6.8 5.2 


Extruded Extruded 
and Molded and Molded 


—— 


E xtrude d Molded 
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when their temperatures are slowly 
lowered to —82 deg. F. by immersion 
in a carbon dioxide-acetone bath. 
When the temperature of the speci- 
men is then slowly raised it is not 
until its temperature reaches approx- 
imately —55 deg. F. that normal flex- 
ibility is regained. Conventional rub- 
bers have to be heavily plasticized to 
resist the effects of low temperatures, 
but all silicone rubbers show virtu- 
ally no change in hardness and flexi- 
bility over the temperature range of 

55 deg. F. to +520 deg. F. Com- 
plete physical properties are given in 
Table I for four types of silicone 
rubber. 


Gaskets and Seals 


Applications for which suitable ma- 
terials were previously unobtainable 
have been engineered with silicone 
rubber. These include the gaskets for 
the 24 in. Navy searchlight and the 
12 in. Navy signal light, which re- 
quired excellent heat resistance up to 
400 deg. F. and good low tempera- 
ture flexibility and resiliency down to 

30 or —40 deg. F. In the search- 
light, the lens was protected from 
thermal and mechanical shock over a 
wide temperature range and the soft 
stock gave better gasketing action 
than the asbestos and rubber-asbestos 
combination previously Even 
at peak temperature of 520 deg. F. 
silicone rubber gaskets showed no 
tendency to become gummy and stick 
to the lens or metal retaining ring. 

Silicone rubber is suitable for many 
other types of lighting equipment 
such as hospital operating lamps, ex- 
plosion proof lighting fixtures, infra- 
red baking lamp assemblies and flood- 
lights. The continuous contact with 
hot dry air inherent in these types 
of equipment is particularly harmful 
to natural and synthetic rubbers. 
Lighting engineers always have been 
limited in designing fixtures to hold 
glass bulbs by the lack of a suitable 
rubbery gasketing material that could 
be held in contact with the bulb and 
yet prevent the bulb shattering under 
thermal shock. In floodlights and 
searchlights, expensive provisions to 
remove heat and protect the lens can 
be avoided by the use of silicone rub- 
ber. In these applications it has been 
found that silicone rubber can with- 
stand exposure up to 340 deg. F. 
continuously. 

Extruded silicone rubber gaskets, 


used. 


Fig. |—Silicone rubber remains practically unaffected at sustained dry tem- 


peratures of 300 deg, F.; ordinary rubber becomes hard, brittle and cracks. 


Silicone 
rubber gasket 





Fig. 2—Silicone rubber supercharger gaskets retain flexibility at temperature 
extremes ranging from a low of —55 to a high of 520 deg. Fahrenheit. 


used in baking and drying ovens, give 
continued positive gasketing action 
and do not harden and crack under 
peak operating temperatures of 600 
deg. F. Because of the excellent aging 
characteristics of the material fewer 
replacements and less shutdown of 
ovens for maintenance or repair are 
required. Silicone rubber shows no 
tendency to stick to metal surfaces 
and doors. Silicone rubber in soft 
resilient stocks take up the irregulari- 
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ties in the fit of the oven door. Less 
machining on the mating surfaces is 
required than that needed for the 
harder rubber stocks. 

Silicone rubber gaskets in the vi 
cinity of aircraft engines or other hot 
zones in a plane give assurance of 
continued gasketing action even when 
heat peak temperatures up to 520 deg. 
F. are reached. The small change in 
surface hardness and flexibility of the 


gaskets over temperature ranges trom 
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Fig. 3—Silicone rubber packings have increased the maximum temperature range of these oil seals used in high-speed 
applications at least 200 deg. F. Fig. 4—Conventional soft rubber could not be used in the discharge valve seat on 
this electric hot water heater, because high temperature caused the rubber to stick to the surrounding metal. 





(ASTM D 543-43) 


Table !l—Chemical Resistance of Silicone Rubber 





Reagent 


Water 


Water (100 deg. C.) 


H2SO,, conc. 
H2SO,, 10 percent 
NH,OH, conc. 
NH,OH, 10 percent 
HCI conc. 
HNO,, conc. 
KOH, 50 percent 
NaCl, conc. 
Mineral Oil 

(168 deg. C.) 


Alcohol 

Acetone 
Benzene 
Toluene 


Carbon Tetrachloride 











12601 

Percent Percent Percent 
Rating | Change Change Rating | Change 

Weight Volume Weight 
Good + 0.64 + 1 Good + 0.6 
Good +68 +15 Good + 3.2 
Poor Dissolved Poor Diss 
Fair +18 + 38 Fair + 0.8 
Good + 5.8 + 1] Good + 2.1 
Good + 4.4 + 10 Good — 3.7 
Fair +24.5 1 43 Poor + 2.4 
Poor +82 .3 +118 Poor + 7.2 
Poor Cracked Poor — 3.0 
Good + 0.07 0 Good — 0.1 
Poor siaa ae ae Fair 
Good eae ae LS eee 
Good t 25 ood Ff ...... 
Poor +150 Foor | ....... 
Poor +200 POOF §  ocksces 
Poor +245 a a? re 








MN 


oo 


—_—~~ 


12602 
Percent 
Change Rating 
Volume 
0 Good 
0 Good 
lved Poor 
0 Good 
0 Good 
0 Good 
+ 3 Good 
+ § Good 
+ ] Good 
— | Good 
+38 Poor 
(Blister) 
+ § Good 
+25 Good 
+85 Fair 
+85 Fair 
+85 Fair 


12603 
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Percent Percent 
Change Change Rating 
Weight Volume 


Good 
Good 
Poor 
Good 
Good 
Good 
Good 
Good 
Good 
Good 


Poor 
ister) 
Good 
Good 
Fair 
Fair 


Fair 





All samples immersed for seven days. 


9 





All temperatures 25 deg. C. unless otherwise specified. 


All tests made on samples & x 1 x 5 in. 





55 to +520 deg. F. are desirable rubber to dry air at temperatures of 
in parts such as the G.E. turbo-super- 300 to 350 deg. F. make it suitable 
charger grommets and gaskets used for O-rings, heat gaskets, and ex- 


in Army and Navy planes. 


An- _truded sections in radial, jet and gas 


ticipated higher surface temperature turbine engines. Excellent reports 
of the new jet and rocket propelled have been received on the ability of 
planes has led to the serious consider- molded packings in oil seals, Fig. 3, to 
ation of silicone rubber parts in the seal high speed shafts at temperatures 


aircraft industry. 
‘The resistance properties of silicone 
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between 300 to 400 deg. F. Small 


molded grommets, used as lead bush- 






Propuci 


ings in 


a turbo-supercharger, have 


withstood temperatures up to 400 deg. 
F. for the life of the unit. 

Stationary diesel engines, gas tur- 
bines and air compressors have “hot 
spots” where silicone rubber gaskets 
are finding use. Such a gasket rests 
between the diesel engine block and 
supercharger on the American Loco- 





motive Company’s new diesel loco- 
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motive. A soft silicone rubber stock 
gives desired gasketing action at 300 
deg. F. and 15 lb. per sq. in. pressure. 

The resistance of silicone rubber to 
solvents such as alcohol and ethylene 
glycol, Table II, together with its 
heat resistance, has suggested its use 
in sealed cooling systems for auto- 
mobile motors and truck engines. ‘This 
soft rubber stock gives desired gasket- 
ing action at 300 deg. F. and 15 |b. 
per sq. in. air pressure. Fig. 4 shows 
a silicone rubber seat in a valve for 
an electric hot water heater. Excess 
pressure caused by high temperature 
lifts the disk off the seat, allowing 
water to discharge. Conventional soft 


rubbers stuck to the metal collar; sili- 
cone rubber gives satisfactory service 
under all temperature conditions, and 
re-seats even if foreign matter gets 
under the seat. 

In other proposed applications the 
lower physical properties of silicone 
rubber have appeared a definite draw- 
back. Yet after continued exposure 
to elevated temperatures, it is often 
found that the tensile strength, flex- 
ibility and tear resistance of silicone 
rubber are higher than those of nat- 
ural or synthetic rubber stock. 

A manufacturer of dairy equip- 
ment installed a silicone rubber gasket 


in a cream separator and found that 














? 


03 


Fig. 5—Soft silicone rubber pad insures an even bond over the entire sheet 
when used in pressing sheet mica. In this application, the silicone rubber is 


reinforced with layers of asbestos cloth. 
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after 680 hours on field trial the 
gasket was still satisfactory. The rub- 
ber gasket formerly used swelled in 
contact with milk, and bound tightly 
around the revolving shaft, thus in- 
creasing the friction. The increased 
temperature on the surface of the gas- 
ket, caused it to soften, grab the shaft, 
and tear. 


Other Uses 


Silicone rubber does not adhere to 
plastics, glass, cloth, metal and other 
materials used in packaging. Used as 
a press pad in heat sealing equipment 
where it withstands continued ex- 
posure at 300 to 350 deg. F., silicone 
rubber shows no noticeable change in 
flexibility or surface hardness. 

The continued resiliency and sur- 
face inertness at elevated tempera- 
tures of silicone rubber is taken ad- 
vantage of in the fabrication of plastic 
film and metal-foil bags. In _ this 
operation a metal bar presses the bag 
against a rubber pad to seal it, tem- 
peratures around 300 to 350 deg. F. 
are required for sealing. 

A similar use is in the pressing of 
sheet mica; here silicone rubber is 
laminated with layers of asbestos or 
glass cloth to provide a pressing pad 
that withstands laminating tempera 
tures and equalizes the pressure over 
the face of the sheet to insure an 
even bond. Both these applications 
also take advantage of the fact that 
silicone rubber, even when it is hot, 
shows no tendency to stick to other 
hot contacting surfaces. When flat 
rubber sheets are vulcanized between 
metal platens, a thin sheet of silicone 
rubber coated glass cloth is found to 
be an effective means of preventing 
the rubber from vulcanizing to the 
metal. 

Where high pressures are encoun- 
tered, flat sheets with reinforcing 
plies of glass or asbestos cloth that will 
resist severe service conditions can be 
made. Silicone rubber is coated on one 
or both sides of glass cloth by dipping 
or knife coating. This material is 
being used as thin strong gaskets and 
diaphragms in a number of industrial 
applications. Laundry firms see in it 
possibilities for replacing the cotton 
cloth padding used in much of their 
equipment. 


FABRICATION MeETHOops. Silicone 
rubber can be compression molded in 
flash, positive and transfer types of 
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Fig. 7—Silicone rubber can be molded to any shape. 


molds. The stOCK Is loaded in the 
mold in a similar manner to ordinary 
Molds 


are loaded and unloaded cold, which 


rubber molding compounds. 


means that the mold has to be cooled 
in the press. Molding pressures over 
100 Ib. per sq. in. are not recom- 
mended in flash type molds, while 
with positive molds pressures up to 
500 Ib. per sq. in. can be used. Mold 
temperatures from 140 to 160 deg. F. 
are used. The time in the mold varies 
from 2 to 10: minutes, depending on 
the part. 

Silicone rubber is extruded through 
cold or slightly warm dies. In the 
unvulcanized state the extruded stock 
is easy to distort and care must be 
exercised in handling. 

Both the partially cured molded 
part and the uncured extruded stock 
are baked at a high temperature for 
as long as 72 hours, to obtain the final 
cure. During this process, the ulti- 
mate tensile strength and other phys- 
ical properties are developed and the 
material undergoes a 6 percent  sec- 
Molds and extru- 
sion dies should be designed to take 


tional shrinkage. 
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shrinkage into consfderation. Often, 
the part can be cured on shrink forms 
to maintain the desired overall di- 
mensions. 

Large continuous O-rings or gas- 
kets, flat-square or rectangular rim 
gaskets can be made by scarfing and 
joining the ends of extruded stock, 
then curing. Silicone rubber does not 
adhere to itself or any other material 
after it has been vulcanized, therefore, 


the scarfed ends must be joined before 
the stock is cured. 


Forms AVAILABLE. Silicone rubber 
is available in extruded shapes, molded 
parts, sheet stock or fabricated stocks 
(Figs. 6 and 7). Extruded stock is 
available in rods, tubes, flat strips and 
a large variety of shapes. Flat stock 
is available in 14x14 in. sheets, in 
thicknesses from 1/32 to 3/4 in., and 
can be reinforced or coated with plies 
of glass and asbestos cloth to obtain 
strength; these sheets are given a 
smooth finish between polished steel 
plates. Fabricated flat extruded stock 
in the form of dinked gaskets can 
also be supplied. 


New Developments 


Long range programs by refrigera- 
tor manufacturers include an investi- 
gation of silicone rubber as door gas- 
kets, because of its excellent aging 
characteristics, low compression set 
and the fact that it does not discolor 
the white enamelled surface with 
which it comes in contact. 

In high vacuum work, such as in 
molecular distillation, the simplicity 
of silicone rubber formulations is im- 
proving the performance of equip- 
ment where a gasket has to be used. 
At low vacuum and high temperatures 
the oil and other volatile components, 
incorporated into natural and syn 
thetic rubber formulations to impart 
resiliency, are drawn off and con 
taminate the product. The absence of 
plasticizing oils in silicone rubber ob- 
viates this difficulty. 

Other developments under investi 
gation are sponge silicone rubber, and 
sheets reinforced with metal cloth and 


nylon fabrics for special applications. 


ELECTRIC MOTORS of one type or another have been made from the time 
(1819) that Hans Christian Oersted, of Denmark, showed the relation 
between electricity and magnetism; but the motor, as we know it today, 
was not invented until 1873 when two Gramme dynamos (built by the 
Belgian scientist Z. T. Gramme in 1870), which were being shown at the 
Vienna Industrial Exposition, were accidently connected together and the 
current generated by one of them was found to run the other. 


THE CYLINDERS of early Newcomen engines were frequently polished by 
rubbing the bore up and down with a lead lap coated with emery powder. 
Even much later, steam engine cylinders were smoothed out with emery. 
Oliver Evans, in 1817, wrote “The piston make it of lead at first to fit the 
cylinder nicely and grease it with fine emery mixed for some time, to polish 
the cylinder.” 
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NEW BOOKS 








Wave Propagation in 
Periodic Structures 


Leon BRILLOUIN. 247 pages, 5% x 
8'%% in., clothboard covers. One of 
group comprising International Series 
in Pure and Applied Physics. Pub- 
lished by McGraw-Hill Book Co., Inc., 
330 W. 42nd St., New York 18, N. Y. 
Price $4. 


This volume discusses a variety of 
problems linked by a common mathe- 
matical background, extending from 
electrical engineering to electromagnet- 
ism and wave mechanics of the spinning 
electron. All problems deal with periodic 
structures of various kinds. Whether 
they are electric lines or crystal lattices, 
they invariably behave like band-pass 
filters. The book includes explanations 
applying to: Electric filters, anomalous 
optical reflection, selective reflection of 
X-rays or electrons from a crystal, 
omission of energy dissipation, a wave 
striking from the outside, and frequency 
falling inside a stopping band. 


Industrial Carbon 


C. L. MANTEL. 472 pages, 6 x 9 in., 
black clothboard covers. Published by 
the D. Van Nostrand Co., Inc., 250 
Fourth Ave., New York, N. Y. Price 
$7.50. 


The literature on carbon is widely 
scattered; the literature on the carbon 
industries is only of recent develop- 
ment. In this book, the author has 
covered the technological applications 
of elemental carbon aside from its use 
as a fuel. Covered in this volume, are 
the “pure” forms of carbon such as dia- 
monds and graphites; with their indus- 
trial applications; carbon pigments and 
fillers, such as carbon black, lampblack 
and other blacks; absorbent carbons of 
the gas, decolorizing and metal absorb- 
ent types, including bone black; and the 
manufactured carbon products, such as 
electrodes and brushes. A_ reference 
chapter on the physical characteristics 
of carbon is included. 


The Plastics Industry 


Barret L. CRANDALL. 38 pages. 6 x 9 
in., paper covers. Published by the Bell- 
man Publishing Co., Inc., 6 Park St., 
Boston, Mass. Price $1.00. 


The plastic industry has taken its 
place beside the steel, auto, and other 
great industries in our American econ- 
omy. Mr. Crandall’s monograph dis- 
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cusses the plastics industry in all its 
phases. Subjects covered include: the 
development of plastics, make-up of the 
plastics industry, forming and fabricat- 
ing of plastics, sales, plastics materials, 
and personnel in the plastics industry. 
Of special interest to those anxious to 
enter this industry are the sections on 
personal qualifications, salaries, schools, 
trade associations and trade papers. 


Aerodynamics 


A. WILEY SHERWOOD. 200 pages, 534 x 
9 in., blue cothboard covers. Published 
by the McGraw-Hill Book Co., Inc., 
330 W. 42nd St., New York 18, N. Y. 
Price $3.25. 


This book is the result of an effort to 
cover the practical phases of both the- 
ory and experiment in aerodynamics for 
the beginning college student. It should 
provide a general background suitable 
for later more intensive mathematical 
work in the field. The physical aspect 
of the theory is emphasized and the 
student who has had no training in 
calculus will not be seriously hampered. 

Principles of fluid flow, dimensional 
analysis, the theory of lift, monoplane 
wing theory, the boundary layer and 
compressibility are topics of the chap- 
ters that lead to the study of the proper 
use of airfoil sections, high lift de- 
vices and propeller theory and design. 
Final chapters take up the study of 
performance, the action of the control 
surfaces and the longitudinal and lat- 
eral stability. The treatment on heli- 


copters and jet propulsion is regrettably 
brief. 


College Algebra 


A. ApRIAN ALBERT. 278 pages, 5% x 
814 in., gray clothboard covers. Pub- 
lished by the McGraw-Hill Book Co., 
Inc., 330 West 42nd St., New York 18, 


N. Y. Price $2.75. 


About fifteen years ago the author 
began to study the possibility of reor- 
ganizing the material of college algebra 
in a sound and unified whole. The re- 
sult of that study is the present text. 
It was considered that certain mini- 
mum requirements should be followed; 
principally that the material should be 
presented as a compact and unified body 
of mathematical theory. As presented 
within this volume, the author’s concept 
of a proper college algebra text is well 
done. The basic unity of college algebra 
is shown through the arrangement of 
the text material. 

The first chapter on natural num- 
bers introduces the fundamental idea 
of a sequence. This is followed by the 
theory of the factorization of integers 
and the third chapter includes the the- 
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ory of rational, real and complex num- 
bers. Later chapters cover the alge- 
braic theory of polynomial and rational 
functions, equations, lectures on the 
plane, including the addition laws of 
trigonometry as well as De Moivre’s 
theorem for complex numbers. The 
connection of these topics shows how 
closely knit coHege algebra, trigonom- 
etry and analytic geometry really are. 
The theory of determinants and linear 
systems is given in Chapter Nine and 
as an experiment, the final chapter in- 
troduces an early treatment of matrices 
and quadratic forms. The book should 
provide a sound foundation for the stu- 
dent of college mathematics. 


Published by the American Society for 
Metals, 7301 Euclid Ave., Cleveland 3, 
Ohio. 260 pages, 6xQ in., red cloth- 
board covers. Price $3.50. 


This comprehensive book on mag- 
nesium is based on a series of five edu- 
cational lectures presented to members 
of the A.S.M. during the National 
Metal Congress held in February, 
1946. 

The extractive metallurgy of mag- 
nesium is completely covered by Prof. 
L. M. Pidgeon. All the commercially 
used processes and the more promising 
of the processes now in the develop- 
ment stage are discussed. An exhaustive 
bibliography is appended. 

J. C. Mather of Dow Chemical 
Company discusses the factors to be 
considered in determining weight-sav- 
ing possibilities of magnesium struc- 
tural members. Methods of calculat- 
ing weight savings are illustrated and 
a considerable quantity of design data 
is presented. 

The various methods of casting mag- 
nesium are outlined by N. E. Wold- 
man of Bendix Aviation Corporation. 
This section covers both the character- 
istics and properties of the various types 
of castings as well as recommended 
foundry practices. Methods of form- 
ing, extruding and welding magnesium 
are discussed by J. V. Winkler of 
Dow Chemical Company. The cor- 
rosion resistance characteristics of mag- 
nesium are covered by W. S. Loose, also 
of Dow Chemical Company. 


Directory of Steel Foundries in 
the United States and Canada 


Compiled and published by the Steel 
Founders’ Society of America, 920 Mid- 
land Building, Cleveland, Ohio. 177 
pages, 6xQ in., paper cover. Price $10. 


This directory, containing the names 
and addresses of all the steel foundries 
in the two countries, provides informa- 
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tion concerning the production facilities, 
types and sizes of castings produced, 
percentage of product offered for sale 
and the names of the executive per- 
sonnel of the foundries. The foundries 
are listed alphabetically and are also 
indexed by states. This latter index 
should be of assistance to prospective 
purchasers of castings in determining 
possible sources of supply. 


Electrical Engineering 


Kk. E. Kimperty, Professor, Depart- 
ment of Electrical Engineering, Ohio 
State University. 407 pages, 6% x 9% 
in., red clothboard covers. Published by 
International Textbook Press, Scran- 
ton, Pa. Price $3.50. 


A college textbook directed at engi- 
neering students who are not majoring 
in electrical engineering but who re- 
quire a basic knowledge of the subject. 
The functional treatment is aimed at 
teaching technical students how to se- 
lect intelligently electrical equipment 
for industrial machinery and processes, 
and to deal understandingly with elec- 
trical problems and electrical engineers. 
The 31 chapters include discussions on: 
Electromotive force, electromagnets, 
polyphase circuits, conversion methods, 
motors, instruments, power rates, elec- 
tronic devices, and special motor and 
generators. Each chapter has a set of 
problems at the end. 


Fluorescent Lighting 


A. D. S. Atkinson, Technical Editor, 
Lighting Service Bureau. 144 pages, 
5% x 83% in., clothboard covers. Pub- 
lished by the Chemical Publishing Co., 
Inc., 26 Court Street, Brooklyn 2, N. Y. 
Price $3.50. 


This book is a facsimile of the Brit- 
ish second edition and therefore some 
of the terms used are not in accordance 
with the American terminology. The 
seven chapters discuss light and fluores- 
cence, production of ultra violet, use of 
fluoresce, operation of tubular lamps, 
reflectors, design data and application. 


Differential and Integral 
Calculus 


Ross R. Mippiemiss. 497 pages, 812 x 
5% in., gray clothboard covers. Pub- 
lished by the McGraw-Hill Book Co., 
Inc., 330 W. 42 St., New York 18, 
N. Y. Price $3.75. 

This is the second edition of the 
well known calculus textbook. Although 
the general plan of the book has not 
been altered in the new edition, many 
sections have been rewritten for the 
purpose of bringing the material up to 
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date in the light of modern technical 
experience. The major change has been 
the addition of a chapter on solid and 
analytic geometry; many short courses 
in analytic geometry treat this chapter 
very briefly or not at all. The chapter 
on partial derivatives has been rewri- 
ten to place more emphasis on the phys- 
ical and less on geometrical aspects. 
All sections on applications of the defi- 
nite integral have been revised in order 
to eliminate the use of Duhamel’s 
principle. 


Advanced Mechanics of 
Materials 


GLENN Murpnuy. 307 pages 6 x g in. 
clothboard covers. Published by the 
McGraw-Hill Book Co., Inc., 330 W. 
42nd St., New York 18, N. Y. Price $4. 


A second-course textbook in mech- 
anics of materials directed toward three 
objectives: (a) To guide the student 
in a critical analysis of the knowledge 
acquired from the first course; (b) to 
extend the boundaries of his factual 
information; (c) to assist him in de- 
veloping and understanding of topics 
from mechanics of materials from which 
he can expand his knowledge. 

Derivations of standard formulas of 
mechanics of materials are analyzed 
with particular reference to the as- 
sumptions upon which they are based. 
Exceptions are considered to give the 
student perspective concerning the im- 
portance of limitations as well as a 
means of evaluating stresses in members 
in which the assumptions are not valid. 

Statics, geometry and the properties 
of materials are emphasized as_ the 
three fundamental tools of stress anal- 
ysis. The limitations of them are in- 
dicated and attention is. directed toward 
the tools of the theory of elasticity and 
the theory of elastic stability. 


Electronic Control Handbook 


RaLpH R. BatcHer, Consulting Editor 
and WitutaAM Moutic, Associate Edi- 
tor of Electronic Industries. 344 pages, 
6 x 91% in., clothboard covers. Pub- 
lished by Caldwell-Clements, Inc., 480 
Lexington Ave., New York 17, N. Y. 
Price $4.50. 


This book presents the electrical and 
electron'c principles that are and can be 
employed in industrial control and regu- 
lation. A great many control principles 
are those that are well known and fre- 
quently used in radio circuits but that 
are not yet common in industrial serv- 
ices. It is shown that electronic circuits 
are simple arrangements of a few com- 
monplace components, none of which are 
mysterious or intricate. 

No attempt is made to evaluate the 


importance of these methods over th 
older systems. Instead, the authors 
have called attention to the extreme 
versatility of the electronic system and 
the ease with which standard principles 
can be utilized or modified to do almost 
any kind of a control function. Th 
authors have attempted to group vari 
ous physical data with familiar cle 
tronic principles in a manner that wil! 
best permit analysis as well as sy: 
thesis of control systems. 

The five sections of the book discuss 
basic elements of control, conversion 
elements, electronic modification cit 
cuits, activation elements, and contro! 
motors. 


Blueprint Reading 


Prepared by the Department of Edu 
cation, International Business Ma 
chines Corp. 9x12 in. Blue fiber cover. 
Published by Syracuse University Press, 
Syracuse, N. Y. Price $3.75. 


This book was prepared for use in 
training student draftsmen and machin- 
ists in the fundamentals of blueprint 
reading as it pertains to the metal- 
working field. The first section covers 
the elements of visualizing the object, a 
review of the use of decimals and frac- 
tions and the methods of making blue 
prints. The balance of the book pre- 
sents progressively more difficult 
aspects of the reading, interpreting and 
dimensioning of machine drawings. The 
detailed points are clearly explained in 
the text and are illustrated by numer- 
ous actual prints. These prints are also 
used as the basis of problems that are 
to be solved by the student. 


Applied Descriptive Geometry 


FRANK M. Warner, Prof. in Engi- 
neering Drawing, University of Wash- 
ington. Third edition, 238 pages, 534 x 
814 in., blue clothboard covers. Pub- 
lished by the McGraw-Hill Book Co., 
Inc., 330 W. 42nd St., New York 18, 
N. Y. Price $2.50. 


This college text book emphasizes 
the application of principles. It includes 
400 practice problems together with 18 
groups of actual drafting-room prob- 
lems ranging from finding the true 
slope of a line to solving intricacies of a 
retractable airplane landing gear. 

The nine chapters include discussions 
on orthographic drawing, fundamental 
auxiliary views, point-line-plane prob- 
lems, revolution, curved lines and sur- 
faces, and intersection of surfaces. Ma- 
jor changes in this third edition are the 
explanation of a new method for inter- 
section of cylinders and inclusion of 
many new practical problems based on 
war experiences. 
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New Spectroscopes “‘Fingerprint’’ Materials 


RAPID AND ACCURATE chemical analyses 
of materials are of vital importance to 
many industries, and have always been 
dificult to carry out. To analyze an 
oil sample by ordinary chemical meth- 
ods, for example, may take a crew of 
six technicians eight hours—and the 
results are not always as accurate as 
desired. To meet this increasing need, 
two new types of spectroscopes have 
been designed and put into use. 

A specially-designed version of the 
infra-red spectroscope has been de- 
veloped by Dr. Donald K. Coles of the 
Westinghouse Research Laboratories. 
The new instrument, which automatic- 
ally identifies unknown substances, is 
especially useful in the fields of high 
octane gasoline, synthetic rubber, plas- 
tics and other insulating materials and 
in investigating the structure of com- 
plex molecules. 


Key to the 


“fingerprinting” is the 


(Left) Inside this glass-topped table, infrared rays zigzag 
along a 30-foot path to identify unknown substances. 
Guided by mirrors and prisms, the rays strike sensitive 
receivers that measure the intensity of the rays. 
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fact that all molecules in matter vibrate 
at certain characteristic frequencies, in 
the order of millions or billions of times 


per second. In the infra-red spectro- 
graph, infra-red rays vibrating over 


a range of frequencies are beamed 
through a sample of the substance. 
When the frequency of the rays coin- 
cides with that of the elements in the 
substance, some of the infra-red radia- 
tion is absorbed. When a particular 
wavelength is absorbed, it is known 
that a certain structural element is 
present in the sample. By the amount 
of absorption, just how much of each 
element is present can be determined. 

The great advantage of infra-red 
spectroscopy stems from the fact it is 
based on the absorption of radiation. 
This allows it to deal with molecules, 
or groups of atoms. “Emission” spex 
troscopy, on the other hand, measures 
atoms only, meaning that uncombined 
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chemical elements only can be identified. 

The infra-red source is a_ heated 
silicon carbide rod. Mirrors in the 
spectograph rotate to direct the par- 
ticular wavelength of infra-red toward 
an exit slit. The slit openings auto- 
matically change in size to accommo- 
date varied wavelengths. A combina- 
tion of 2 prisms and two sets of 
mirrors, called a “double monochro- 
mator’, enable the resulting spectrum to 
be spread twice as wide as is possible 
with a single prism, thus giving more 
accurate results. 


Microwave Spectroscope 


An even newer spectroscopic method 
based on the fact that radio waves 
of extremely short wavelength can be 
beamed and refracted like light. Like 
the infra-red spectroscope, the micro- 


wave spectroscope can identify compli- 


me 


| 





" Westinghouse Blectrti Gunes alton 


(Right) Low points in the spectrograoh indicate where 
rays were absorbed. This is a ‘fingerprint’ of a silicone 
gas sample; being pointed out is an absorption dip reveal- 
ing the presence of hydrogen atoms in the molecule. 
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cated molecules such as hydrocarbons 
without the laborious chemical proc- 
esses of breaking them down and 
analyzing their various components. 
Identification of whole molecules is 
accomplished by beaming microwaves 
from 1.2 to 1.6 centimeters in length 
through the vapor of the substance to 
be analyzed. Just as all the colors of 
the visible spectrum except blue and 
yellow are absorbed by a green screen, 
certain wavelengths of these micro- 
waves are absorbed by those molecules 
that are caused to rotate in resonance. 
Molecules of different substances ab- 
sorb a different series of wavelengths. 
Thus for each substance there is a 
characteristic pattern of absorption 
lines, which when projected electronic- 


ally on a screen present an identifiable 
“fingerprint” of the vapor under in- 
vestigation. 

Basic elements of the microwave 
spectroscope are an oscillator tube, 
waveguide, crystal detector, oscilloscope 
and sweep generator. The block dia- 
gram shows how these are set up. 

Microwaves emitted by the oscilla 
tor tube are directed through a rec- 
tangular 15-foot-long waveguide, which 
contains the sample gas or vapor to 
be analyzed in a gas cell section that 
is sealed off with plastic tape. At the 
far end they are picked up by a sensi- 
tive crystal detector that passes the 
impulse received on to the oscilloscope. 
The frequency of the oscillator tube 
is swept in synchronism with the hori- 


zontal sweep of the oscilloscope tube, 
and the output of the crystal detector 
is applied directly to the vertical plates 
of the oscilloscope so that absorption 
at a particular frequency will be re- 
corded as a vertical deflection of the 
oscilloscope trace. 

Ammonia has been found to have 
a pattern of 30 distinct absorption 
lines; this is its “fingerprint.” Other 
compounds that have been tagged by 
this method are water vapor, acetone, 
cyanogen bromide, and carbonyl sul- 
tide. The limitations of the microwave 
spectroscope are not yet known, but it 
promises to be a valuable tool in the 
study of molecules and even of the 
atomic nuclei within the molecule. 

A recent development in the Uni 
versity of Michigan chemistry labora 
tories allows the identification of lay 
ers and films of various materials 
including gases, by means of “electron 
diffraction.” A machine produces a 
stream of 40,000-volt electrons in a 
vacuum chamber. The material to b: 
studied is placed where it will inter 
rupt the electron stream, which bends 
off into new paths. A_ photographic 
plate records a different pattern for 
each material. Applications are ex 
pected in the fields of welding, lubricat 
ing, electroplating and painting. 





Photos Developed, Projected in 15 Seconds 


PHOTOGRAPHS were snapped, processed, 
and projected on a screen—all within 
i1§ seconds—by a new machine at an 
exhibition before a group of newspaper 
editors in Rochester, New York. Edi- 
tors entering a dining room at Kodak 
Park passed a special flash lamp and 
were photographed in pairs at a ten 
thousandth of a second. Before they 
reached their seats the photographs 
were projected on a screen four feet 
high. 

Developed by Eastman Kodak Com 
pany, the automatic instrument is a 
combined camera, processing cabinet, 
and projector that uses special 16 mm. 
film to provide continuous, exposure- 
to-projection photography. Dr. Wal- 
ter Clark, assistant to the director of 
research, explained that in operation 
the instrument pulls the strip of 16mm. 
film intermittently along a track in- 
side a light-tight camera. At intervals 
a photograph is made of objects be- 
fore the lens, and the film is moved 
to bring a new frame into position. 

Meanwhile a bottomless cup descends 
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upon the section, and a few drops of 
hot developing and fixing solutions are 
squirted in sequence onto the exposed 
film that then is cleared by vacuum. 
Because of the high temperature, 140 
deg. F. processing is completed in about 
nine seconds. 

The nearly dry photographic image, 


a direct positive picture, is then pulled 
to the projection system where air pres- 
sure completes the drying, cools the 
film, and holds it flat during immediate 
projection on the screen. The accom- 
panying diagram shows the operation, 
an enlarged image of the object being 
projected to a screen at the top. 
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RESEARCH NOTES 





Ford To Build 


Research-Engineering Center 


Plans for the construction of a new 
research and engineering center to cost 
an estimated $50,000,000 were an- 
nounced recently by Henry Ford 2d, 
president of Ford Motor Co. 

Mr. Ford said the center, to be 
located on a 500-acre tract in nearby 
Dearborn, not far from the present 
Ford engineering laboratory, will con- 
sist of a primary group of eight build- 
ings, grouped around an artificial lake 
800 feet long and 350 feet wide. The 
buildings will be of modern design 
featuring steel and concrete construc- 
tion and limestone facing. 

The center will adjoin many of the 
company’s existing engineering facili- 
ties, including: the Engineering Labora- 
tory, the Body Engineering Building, 
the Weather Tunnel, and the Ford 
Test Track. 

It is estimated the project will take 
eight years to complete. Ground will 
be broken for initial construction as 
soon as government regulations permit. 

Modern architectural design commen- 
surate with functional demands will be 
the governing motif. Construction will 


be steel and concrete with limestone 
exteriors. Units in the group. will 
include: 

Administration and Engineering 


Building; Styling Building; Dynamome- 
ter Building, Engineering Exhibit Build- 
ing; Electrical and Chemical Labora- 
tory; Laboratory for Human Engineer- 
ing; at least two other major struc- 
tures and a number of lesser buildings. 

Research, engineering and develop- 
ment will be undertaken as a closely 
integrated operation in one portion of 
the Center while scientific study of the 
human factors involved in manufactur- 
ing and sales problems may be under- 
taken as a collateral function in the 
other. 

Because of the immediate necessity 
for experimental research into ad- 
vanced motor design, construction of 
the Dynamometer Building will be un- 
dertaken first. First of the Center's 
“mechanistic” group to be built, this 
structure will house 32 sound-proofed 
dynamometer cells, each of 200-hp. 
capacity. There will be two additional 
cells of 500 horsepower capacity each, 
both with separate control rooms. The 
200-hp. dynamometers will be of dou- 
ble-end type and will be equal to ap- 
proximately 50 ordinary dynamometers. 
There will be three chassis dynamome- 
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General view of the new Ford Research and Engineering Center. 


ters testing the behavior of the units 
at room temperatures. 

The second building to be con- 
structed will be the Stvling Building. 
This structure will be 500 feet long 
and will have 10 individual styling 
studios. Because of the paramount 


importance of proper illumination, all 


studios have been designed to have 
north light, and in addition, special 
facilities will be provided which can 


duplicate ideal daylight conditions at 
any time. 

A Fuel Blending building will be lo- 
cated near the Dynamometer Building. 
From this structure any one of a vari- 
ety of fuels can be switched to any 
cell in the Dynamometer building. 


Thermal Conductivity of 
Insulating Materials 


A program designed to provide more 
accurate 
thermal conductivity of insulating ma- 
terials has been announced by The 
American Society of Heating and Ven- 
tilating that 
meet the Society’s requirements will be 
certified for testing thermal insulating 
materials under this program. The 
Bureau is cooperating by making check 
tests for accrediting equipment to be 
used by the participating laboratories. 


and dependable values. of 


Engineers. Laboratories 
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The 
dome-shaped structure in the foreground is the Engineering Exhibit Building. 
The school is at the right and the styling building at the left. The cross- 
shaped structure, top left, is the Dynamometer (Engine Test) Building. The 
Administration and main Engineering Building is opposite the dome structure. 


Present tables of conduct vity values 
of insulating materials are, in general, 
compilations of data obtained over a 
period of years by a numbers of dif- 
ferent laboratories. In an effort to 
provide the information on a more uni- 
form basis, and to take into account 
changes and improvements in currently 
available insulating materials, the 
ASHVE has initiated this progam in 


which all data will be obtained in ac- 
cordance with the American Society 
for Testing Materials “Standard 


Test for Thermal Conduc 
tivity of Materials by Means of the 
Guarded Hot Plate’ (ASTM Desig 
nation: C177-45). This method has 
recently been adopted by the ASHVE 
as their standard test code for hot 
plate thermal conductivity 
ments. All laboratories having equip 


Method of 


mecasure- 


ment conforming to the requirements 
of this method are 
pate. 

According to this plan the ASHVE 
Research send a 
selected specimen of insulating material 
to a participating laboratory for test. 
After test, the specimen will be re- 
turned, together with test results, to 
the ASHVE_ Research Laboratory. 
The same speciment will then be sent 
to the Bureau, where it will again be 
tested. The basis of accrediting lab- 
oratories will be their ability to check 


invited to partici 


Laboratory will 





_— 
~1 
wT 











TECHNICAL NEWS HIGHLIGHTS 





within acceptable tolerances the values 
obtained at the Bureau. 

A list of accredited laboratories will 
be made available by the ASHVE, so 
that manufacturers of thermal insulat- 
ing materials may have their products 
tested under this plan. The test data 
may then be submitted to the ASHVE 
laboratory for review and compilation 
in the Heating, Ventilating, and Air 
Conditioning Guide. It is anticipated 
that beginning with the 1949 Guide, 
all data therein on the thermal con- 
ductivity of building insulations will 
have been obtained in accordance with 
this program. 

Inquiries concerning the program 
should be addressed to the ASHVE 
Research Laboratory, 7218 Euclid 
Avenue, Cleveland 3, Ohio 


Dr. Vannevar Bush 
Receives Hoover Medal 


Dr. VANNEVAR BusH, President of 
Carnegie Institution of Washington, 
and wartime Director of the Office of 
Scientific Research and Development, 
has been named 1946 winner of the 
Hoover Medal, jointly awarded by 
four national engineering societies. It 
was formally conferred on Dr. Bush 
on January 30, in the auditorium of the 
Engineering Societies Building, 29 West 
39th Street, New York, at the winte: 
meeting of the American Institute of 
Electrical Engineers. This society con 
fers the award jointly with the Ameri- 
can Society of Civil Engineers, the 
American Institute of Mining and 
Metallurgical Engineers, and the Am- 
erican Society of Mechanical Engineers. 

The Hoover Medal is one of the 
outstanding honors of the engineering 
profession. It is given “to honor engi- 
neers whose pre-eminent services have 
advanced the well-being of mankind 
and whose talents have been devoted 
to the development of a richer and more 
enduring civilization.” 

In the award of the Hoover Medal, 
Dr. Bush adds one more to a list of 
significant awards including the Holley 
Medal of The American Society of 
Mechanical Engineers; the Edison 
Medal of the American Institute of 
Electrical Engineers and the gold medal 
of the National Institute of Social 
Sciences. 


General Electric 
Expands Jet Research 
A two-year expansion program, in- 


cluding construction of a new labora- 
tory and increased production facilities 


156 





Dr. Let Atvin DuBripecg, right, new 
president of California Institute of 


Technology, accepts congratulations 
from Dr. Karl Compton, president of 
Massachusetts Institute of Technology, 
principal speaker at inaugural ceremony. 
Former Rochester University physicist, 
Doctor DuBridge was head of wartime 
MIT Radiation Laboratory, a project 
cited by Speaker Compton as an exam 
ple of growing partnership of institu- 
tional science, industry and government. 
He called for closer cooperation among 
the three interests, terming a national! 
science foundation, the Army and Navy 
research programs and the Atomic En- 
ergy Commission illustrative of prac- 
tical means to attain desired objectives. 





for aircraft jet engines of advanced 
design, has been announced by Gen- 
eral Electric’s Aircraft Gas Turbine 
Division in Lynn, Massachusetts. A 
one-story all-concrete structure, com- 
prising 25,000 square feet of floor space 
with series of chambers to test jet en- 
gines during various manufacturing 
stages, already is under construction. 
Costing approximately $500,000, the 
test-cell project is expected to be in 
operation early this year. 

Construction of the new test cells 
is for jet engine sizes not yet built, 
but which are now on the drawing 
board. The development tests, supply 
the solution to many new problems. 
These include: 

High-velocity gas flow, which is made 
visible for study with specially-devel- 
oped high-speed photographic methods, 
armored vacuum tanks, with specially- 
designed driving turbines to spin the 
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rotors of gas turbines to well over 
their maximum permissible operating 
speed; and many other tests on the ele- 
ments of the gas turbine. 


Welding Study Started 


Following industry-wide agreement 
on the need for revision of military 
aircraft welding specifications a special 
welding sub-committee of the Aircraft 
Research and Testing Committee has 
been established by the Aircraft Indus- 
tries Association. Among welding speci- 
fications to be discussed are spot weld- 
ing inspection; brazing process for 
parts; flash, butt and _ pressure-gas 
welding; aluminum alloy welding; mag- 
nesium alloy; fusion welding of steel 
corrosion and heat-resisting alloys, flash 
welding of carbon and low alloy steel. 
Final industry views will be formulated 
after coordination with the West Coast 
Aircraft Research and Testing Com- 
mittee Welding Project Group, which 
is wnder the chairmanship of T. F. 
Piper of Northrop Aircraft. 


Advisory Committee 
On Metallurgy at Drexel 


The appointment by the board of 
trustees of Drexel Institute of Tech- 
nology of an advisory committee on 
metallurgical engineering at Drexel was 
announced by Dr. James Creese, pres 
ident of Drexel. 

The advisors from industrial labora 
tories and plants who have accepted th« 
appointment to the advisory board in 
clude Dr. G. H. Clamer, president of 
the Ajax Metal Company; William ] 
Diedrichs, metallurgist with The Auto- 
car Company; Francis B. Foley, super 
intendent of research for The Midvale 
Company; Clyde B. Jenni, metallurgist 
for the General Steel Casting Corpora 
tion, and Joseph Winlock, chief metal 
lurgist for Budd Manufacturing Co 


Johns Hopkins Starts 
Research Institute 


The Johns Hopkins University ha: 
inaugurated an Institute for Coopera- 
tive Research. At the end of the war it 
was apparent that a great deal of Gov 
ernment research would have to be con 
tinued “in the interest of nationa 
health, welfare and safety,” and at th 
same time industry began to mak‘ 
greater demands upon the universits 
for investigations which are essentialls 
fundamental in character and therefore 
best suited to the academic approach. 












a Ff, re WD 


— i a el 


st 


i> 


t 
at 











WASHINGTON NOTES 


Bush Issues a Warning on 
Federal Aid to Science 


Taking stock of the postwar situa- 
tion in regard to federal support of 
science and research, Dr. Vannevar 
Bush, famed wartime head of the 
Office of Scientific Research and De- 
velopment, recently warned against un- 
critical support of federal aid to science. 
Dr. Bush, President of the Carnegie 
Institution of Washington, in his re- 
port to a meeting of that organization’s 
trustees, declared that although fed- 
eral support of expanding scientific 
work now becomes “essential and also 
inevitable”, it also has dangers. 


Two Dangers—Dr. Bush classified these 
dangers in two categories: The pos- 
sible peril from too great control from 
the military; and too much concentra- 
tion on the applied rather than the 
basic sciences. Said Dr. Bush: “The 
fierce present light thrown by extraor- 
dinary applications may blind men to 
the lasting cultural and_ philosophical 
significance of science.” 

Dr. Bush warned that the basic 
sciences should not be neglected. “As 
a people .. . we have always excelled 
in the applied. We have not turned 
with the same success to more philo- 
sophical matters. In many branches of 
science, we have lagged behind 
Europe.” 

In regard to the military Dr. Bush 
said: “It is now recognized all over 
the world that the application of science 
is central in national security.” But, 
he declared: “a danger is that there 
will be over-emphasis on military as- 
pects of science . . . since federal funds 
are flowing from the military serv- 
ices into basic research. This system, 
however, is undoubtedly a temporary 
Cions 

The scientific evolution of weapons, 
according to Dr. Bush, “bids fair to 
proceed so far as to render some form 
of world unity inevitable.” He also 
warned of the possibility of the control 
of funds occasioning injurious dictation 
of science by laymen. Another danger 
is the possibility of the flow of funds 
into university research leading to fed- 
eral domination of universities in one 
way or another. 

This pronouncement seems to have 
cheered the majority of civilian  sci- 
entists. Most of them recognize that 
government funds are essential for ex- 
pensive modern research. But they 
maintain that funds should flow through 
civilian, not military channels. Appar- 
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Stainless Steel Muffler for Light Planes 


ProvucTion of a lightweight stainless 
steel muffler for 65-85 hp. lightplane 
aircraft engines has been announced by 
the Ryan Aeronautical Company. The 
new mufHer features: (1) A complete 
exhaust svstem, (2) elimination of 90 
percent of engine noise, (3) provision 
for heating the carburetor air, and (4 
provision for heating the passenger 
cabin. 

The Ryan mufHer, first lightplane 
exhaust to be manufactured of non- 
corrosive metal, allows engine exhaust 


gases to cool momentarily and dissipate 
in an expansion chamber before they 
are released to the outside air, thus 
decreasing noise resulting from their 
expansion in the air. Power loss 
through the back pressure thus created 
is held to less than 2 percent. It is de- 
signed for simple installation, the only 
steps necessary being to open the cow!l- 
ing, loosen cylinder baffles and bolt the 
issembly in place. Development is un- 
derway on mufflers for higher horse- 
power engines in the light plane field. 





ently Dr. Bush is on their side. This, 
to them, is especially encouraging be- 
cause of Dr. Bush’s official position as 
chairman of the Joint Research and 
Development Board, which is charged 
with eliminating undesirable research 
competition among the services and 
eliminating unnecessary projects. This 
board could conceivably discourage some 
of the applied military research. 


General Arnold 
Censures NACA 


Five-star General H. H. Arnold 


former Chief of the U.S. Army Air 


Forces, is making his weight felt in 
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regard to present methods of aircraft 
research. Following strong criticisms 
of the commercial airlines and the 
Civilian Aeronautics Administration for 
the lack of all-weather landing aids, 
General Arnold now turns his atten- 
tion to the approach of the National 
Advisory Committee for Aeronautics 
on aircraft research problems. NACA 
is closely associated with the Navy, 
which may or may not be a factor in 
determining the General’s attitude. 
Says General Arnold: “NACA’s treat- 
ment of the problems of flight might be 
compared with the use of a government 
subsidy solely for the technical develop- 
ment of the automobile without paying 
any attention to roads or other comple- 
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Fastax—Tool for Industry 


THE HIGH SPEED FASTAX MOTION PIC- 
TURE CAMERA, developed by the West- 
ern Electric Company, which was of 
great value in studying strength of 
machine parts under battle conditions 
is rapidly becoming an important tool 
in industry. Fastax cameras are at 
work in many industries, making “super 
slow motion” studies of high speed ac- 
tions. 

Design engineers are making wide 
use of the Fastax. Models are photo- 
graphed during various stages of devel- 
opment and faults are detected and 
corrected as the work progresses. The 
Fastax is also useful in materials test- 
ing. Shown in the accompanying illus- 
tration is what happens when a clear 
plastic test specimen is broken in an 
Izod impact testing machine. The pic- 
tures were taken in color with polar- 
ized light at a speed of 4000 frames 
per second. Stress pattern in the third 
frame from the top should be noted. 

The Fastax looks much like a con- 
ventional motion picture camera. The 
rotary shutter, however, is missing and 
in its place, between the lens and the 
film plane, is a glass prism—four-sided 
for 16mm. and 35mm. film or eight- 
sided for 8mm. film, with opposing 
faces parallel. An exposure slit is pro- 
vided ahead of and behind the prism. 
The prism rotates while taking pic- 
tures and acts both to provide syn- 
chronous relationship between the im- 
ages and the fast moving film and to 
perform the function of a shutter. The 
light rays picked up by the lens pass 
through the prism and are focused 
on the surface of the film on the 
driving sprocket. As the prism rotates 
the image moves with the film across 
the exposure slit. As soon as the prism 








Western Electric Company 


has rotated to the point where the 
light rays might strike two adjoining 
prism faces, the prism housing per- 
forms the function of a barrel shutter, 
blocking the light from the film and so 
forming the frame line. 





mentary facilities.” In an article in Air 
Affairs, a new quarterly, he charges 
that NACA has neglected the factors 
that make the airplane capable of long 
range operations and international force. 
As a result, he says, the United States 
faced World War II ignorant on air 
navigation devices, techniques and fa- 
cilities essential to long range opera- 
tions. 


Military Red Tape Hinders 
Collection of Information 
Since the defeat of Germany, Ameri- 


can industry has received the benefit of 
all available research and production in- 
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formation from German industry. This 
information has been collected and com- 
piled by an agency called FIAT, Field 
Information Agency, Technical, with 
the assistance of American civilian ex- 
perts. 

Although operating under extremely 
dificult conditions, FIAT had planned 
to complete the project by June 30, 
1947. This might have been possible, 
except for an order by the Military 
Government in Germany, requiring the 
movement of the FIAT headquarters 
from the Frankfort area to Karlsruhe, 
about 85 miles to the south. Because 
of unsettled conditions in this area, 
such a move may delay the final com- 


pletion of many of the reports for sev- 
eral months or even indefinitely. It is 
felt by interested parties that another 
harmful effect of this move will be the 
lack of interest on the part of many 
industrial concerns in sending investiga- 
tors to Germany, since they believe 
that the new inconveniences will pre- 
vent their representatives from obtain- 
ing the desired information. 

Many groups interested in the col- 
lection of this information have urged 
the War Department and President 
Truman to postpone this move until 
June 30, 1947. but to no avail. They 
claim that military red tape has pre- 
vented the full accomplishment of what 
they consider to be one of the most 
beneficial programs for American science 
and industry. 


More Atomic Energy 
Committees Appointed 


Atomic energy policies seem to be tak- 
ing shape slowly. Since appointment 
of the Atomic Energy Commission, 
which under the terms of the Atomic 
Energy Act passed during the closing 
days of the 79th Congress, has abso- 
lute control of all domestic atomic en- 
ergy matters. President Truman _ has 
appointed a General Advisory Commit- 
tee to this Commission consisting of 
nine prominent scientists, including two 
chemists, a chemical engineer and a 
metallurgist. Members of the Advisory 
Committee are: James B. Conant, 
President of Harvard University; Lee 
Du Bridge, President of California In- 
stitute of Technology; J. R. Oppen- 
heimer, University of California; I. I. 
Rabi, Columbia University; Lenn T. 
Seaborg, University of California; 
Cyril Stanley Smith, University of 
Chicago; Hartley Rowe, United Fruit 
Company; and Hood Worthington, Du 
Pont Company. This committee will 
advise the Atomic Energy Commission 
on all scientific and technical matters 
relating to production, research and 
development. A second advisory com- 
mittee called the Military Liaison Com 
mittee representing the War and Navy 
Departments has been appointed. Head 
ing the Army group is Lieutenant Gen 
eral Lewis H. Brereton, while in charge 
of the Navy group is Rear Admiral 
Thorval A. Solberg. This Committee 
will advise the Commission on_ the 
military application of Atomic Energy, 
including the development of bombs 
and control of information for the 
manufacture and utilization of atomic 
weapon. 

Still another advisory committee is 
provided by the Atomic Energy Act. 
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This is the Congressional Joint Com- 
mittee, composed of nine senators and 
nine members of the House of Repre- 
sentatives. This committee is expected 
to be appointed by the 80th Congress. 


DECLASSIFICATION OF INFORMATION— 
Passing through the filtering process 


of declassification, the knowledge ac- 
cumulated in nearly five years of atomic 
research and development is beginning 
to flow at last. In an article in the 
Chicago Bulletin of the Atomic Scien- 
tists, Lieutenant Colonel W. S. Hutch- 
inson, Jr., declassification officer for 
the Army’s atomic energy agency, says 


that nearly 500 papers have already 
been cleared in the Manhattan Proj- 
ect’s declassification procedure. This 
has been done, according to Colonel 
Hutchinson, “without impairing the es- 
sential security surrounding the bomb.” 

Specific evidence of the effectiveness 
of the declassification policy was given 





Foreign Reports 


French Reject 
Potent Reciprocity 


French patent ofhcials at the 
years end were still refusing to 
grant patent protection on American 
war-time inventions which had not 
been registered in France because 
of war conditions. 

Normally, to acquire a French 
patent, foreign inventors have to file 
a French patent application within 
a year after their domestic applica- 
tion has been filed. After the libera- 
tion however, in view of the dif- 
ficulties of communicating during the 
war, the French government granted 
a moratorium on the time limit re- 
quirement for foreign inventors 
whose own governments granted a 
similar moratorium for French in- 
ventors. Great Britain and others 
worked out such arrangements. 

The Boykin Act, passed by Con- 
gress on August 8, 1946, was de- 
signed to offer similar reciprocal 
treatment, and so protect U.S. in- 
ventors abroad, running for one 
vear. French authorities have ob- 
jected, however, that the Boykin 
Act does not offer full reciprocity. 
Chief basis of the objection is that 
the French moratorium provides 
protection, on patents applied for be- 
fere November 13, 1945, against all 
third-party claims, while the Boykin 
Act gives no patent protection in the 
U. §. against third parties who ac- 
quired manufacturing rights (not 
from patent holder) before date of 
the Act. Some French industry op- 
erates under American licenses. 








British Industrial Design 


The significance of design to the 
future of British industry was 
stressed at a two-day Conference 
held in London, in September. 

This conference, which was organ- 
ized jointly by the Council of In- 
dustrial Design and the F.B.I., was 





. . es. from McGraw-Hill World News 


presided over by Sir Thomas Bar- 
low. It was the first of a series held 
in association with the “Britain Can 
Make It” Exhibition. 

On the first day of the Confer- 
ence Sir Miles Thomas, and Josiah 
Wedgewood spoke on “Industry and 
the Designer”; Mr. T. P. N. Bur- 
ness, spoke on “Design and Machin- 
ery’, and other speakers will be Mr. 


E. Bruce Ball and Sir FE. R. Streat. 


British Industries Fair 
To Feature Exports 


First postwar British Industries 
Fair will be held in London and Bir- 
mingham from May 5 to May 16. 
Exhibits will be grouped into two 
main categories, the Birmingham 
section for engineering and_ hard- 
ware, and the London section for 
lighter industries. —The Export Pro- 
motions Department of the Board of 
Trade will organize the London part 
of the Fair, and the Birmingham 
Chamber of Commerce will be re- 
sponsible for the Birmingham sec- 
tion. Dominant note of the 1947 
Fair will be promotion of United 
Kingdom export trade, and an ex- 
tensive publicity campaign is being 
undertaken to attract buyers from 
all parts of the world. 


Electric Tractor 
Designed in Norwcy 


Two young Norwegian engineers 
have invented an electric tractor 
that they hope to market in con- 
siderable quantities, according to 
the Norwegian press. The tractor 
is small, weighing less than 900 
lb., and is powered by a 7% hp. 
motor. Current is transmitted by 
a 200-yard cable, which can be 
plugged in at different outlets on 
the border of the field. On-the-job 
tests have proven successful, and 
manufacturing costs are estimated 
to be far below those of gasoline 
driven tractors. This type of trac- 


tor is especially well suited to Nor- 
way where fields are small and the 
cost of electricity is low. 


Indian Standards 
Institution Established 


An Indian Standards Institution 
to assist in the industrialization of 
the country has been established un- 
der a subscription plan whereby the 
organization will be maintained by 
private industry with government as- 
sistance. 

The institution will be divided into 
five sections: Engineering, building. 
chemicals, textiles, and food agri- 
culture. Standards in each field are 
to be established by a small com- 
mittee of producers, representative 
consumers and technical experts. 

Ultimate aim of the organization 
is to raise the standards of Indian 
products to parity with international 
levels. There will be two groups of 
members—sustaining, made up of 
business organizations, and ordinary 
made up of individuals. 


Patent Infringement 
Made Retroactive 


Applicants for patents in Australia 
should benefit from the new Patents 
Act recently passed by the Aus- 
tralian Parliament. The new act 
will enable industry to learn with- 
out delay the latest technological 
developments, not only in Australia 
but also in all the principal coun- 
tries of the world. 

Before the Patents Act was 
amended, an applicant had no re- 
dress against persons infringing his 
invention until his application and 
completé specifications had been ex- 
amined and passed. Even in pre- 
war days this usually took a long 
time. Under the new Patents Act, 
however, applicants in future will be 
entitled to damages for any infringe- 
ment from the date of publication 
of the specification. At the present 
time applications for letters patent 
exceed prewar figures by more than 
100 percent. Most of them come 
from overseas firms. 
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at the June meeting of the American 
Physical Society and the September 
meeting of the American Chemical So- 
ciety in Chicago. Of the 101 papers 
presented at the Physical Society meet- 
ing, 46 dealt with material developed 
on the project, and which had been 
cleared by the Manhattan project de- 
classification organization. 

Manhattan Project reports that 
nearly half of the papers declassified 
are being published. Many of the un- 
published as well as the published ar- 
ticles will appear in the Manhattan 


Project’s own technical history, which 
was started in 1945. This will be 
library of more than 100 volumes bring- 
ing together in one set of books all of 
the significant scientific and engineer- 
ing information developed in the atomic 
energy program. Arrangements have 
been made with the Department of 
Commerce for the publication and dis- 
tribution for a number of these papers. 
They will be distributed through the 
regular procedure of the Office of 
Technical Services of the Department 
of Commerce. 





Largest Calculator in World 


FILLING A ROOM 50 by 60 ft., the 
world’s largest calculating machine— 
able to solve mathematical problems of 
the greatest complexity—was recently 
unveiled by Harvard University before 
200 Army, Navy and civilian experts 
attending a four-day symposium on 
large-scale calculating machines. Begun 
in December 1945, the machine is now 
in its final testing stage and in June 
will be turned over to the Bureau of 
Naval Ordnance to be housed at the 
Naval Proving Ground at Dahlgren, 
Virginia. 

For simpler mathematical work, the 
machine can be broken in two, with 
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both parts doing separate calculations 
at the same time. The machine is built 
to operate 24 hours a day. Any break- 
down of the mechanism is signalled to 
the operator within a few minutes by 
a complex alarm and light system in- 
stalled in all parts of the machine. Each 
part is installed by a plug-in system, 
so faulty parts may be replaced without 
disturbing other parts of the machine. 
As the machine solves problems, the 
answers are automatically recorded by 
specially adapted teletype machines. 
Problems are put into the machine by 
punching paper tape which feeds the 
calculator its “instructions.” 





Harvard Untwersiin 


Professor Howard H. Aiken, Director of the Computation Laboratory, Harvard 
University, and Rear Admiral C. T. Joy, Director of the Naval Proving Ground, 
Dahlgren, Va., standing in front of the new "Mark II"' Calculator. 
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New Standards Set 
For Small Motors 


THe NatTIoNaL ASSOCIATION OF ELEC 
TRICAL MANUFACTURERS has announced 
adoption of new standards for frac- 
tional horsepower motors, which will 
make it possible for manufacturers to 
depart from job shop practice and ente: 
into volume production. The announce- 
ment was made by the motor and gen- 
erator section of the association. 

The backlog of demand for such mo- 
tors is among the heaviest of all elec- 
trical products and is considered by 
many manufacturers as the chief bottle- 
neck in meeting appliance demand. The 
standardization program, although of- 
fering a long-term increase in cheaper 
volume production, does not give prom- 
ise of any immediate spurt in volume, 
and its effects will not be felt for an 
other eight or twelve months. 

While the first announcement con 
cerned only standardization of motor 
rating and performance in coordinated 
terms of horsepower rating, speed, 
breakdown torque and service factors, 
manufacturers emphasized that this was 
but the first step in the new program 
of standardization. Although attempts 
it standardization have been made in 
the past by large manufacturers, it was 
pointed out that these were thwarted 
by other producers who could offer spe 
cialized equipment for certain uses. 

That such specialized production was 
not needed was emphasized by one 
spokesman for a large manufacturer, 
who pointed out that where before the 
war his company made more than a 
dozen types of motors to meet “imag 
ined” individual needs of washing ma 
chine manufacturers, it currently made 
but one type, and each manufacturer 
“is glad to get that type.” 

As a result of production line savings, 
such standardized equipment is expected 
to offer strong competition costwise 
with specialized equipment once current 
demand is met, it was said. 

As an example of what standardiza- 
tion would mean, A. W. Bartling, man- 
ager of the fractional horsepower divi- 
sion of General Electric, said that his 
company prior to the war made 2,450 
different models of oil burner motors. 
As a result of a company policy in 
standardization, GE is new producing 
only seventeen models, with resultant 
savings on the production line. 

The association’s program will b 
followed up by other items of standard 
ization such as dimensions and applica 
tion standards for stokers, belted fan 
and blower motors, shaft mounted fans 
and blowers and jet pump motors. 
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New Devices, Materials Share Interest at SAE Meeting 


SESSIONS OF THE ANNUAL MEETING of 
the Society of Automotive Engineers 
in Detroit revealed that engineers are 
thinking in terms of replacing car- 
buretors with fuel injection systems on 
aircraft engines, utilizing electricity for 
braking heavy trucks down long steep 
hills, using independent suspension of 
both axles on passenger automobiles, 
and coordinating metallurgy, engineer- 
ing and materials specifications. 


Scuff-Resistant Coatings 


Highlighting the first mornings’ ses- 
sion was a paper by F. C. Young 
and B. B. Davis of the Ford Motor 
Company on “Scuff and Wear Re- 
sistant Chemical Coating”. The authors 
stated that treatments such as caustic 
sulphur, iron oxide, and manganese iron 
phosphate, for steel and cast iron, 
greatly improved breaking character- 
istics of engine parts and sharply re- 
duced scuffing. Choice of treatment and 
method of application depends on the 
merit of each individual set of condi- 
tions. In the discussion, Mr. T. Logan 
of Caterpillar Tractor claimed that 
iron manganese phosphate crystals on 
treated cylinder liners had a slight tend- 
ency to pick up aluminum from the 
pistons. A representative of the Parker 
Rustproof Company replied that this 
was not an uncommon experience and 
could be avoided by furnishing the 
liner after treatment. Another speaker 
claimed that phosphate coatings vary 
from 1 to 3 ten thousandths in thick- 
ness, thus presenting difficulties where 
dimensional limits must be held to ™% 
of a ten thousandth. 

Another materials discussion featured 
the first afternoon’s session. Mr. F. G. 
Tatnall of the Baldwin Locomotive 
Works posed the question “Is There 
A Relation Between Metallurgy, Engi- 
neering, and Materials Specifications?” 
Mr. Tatnall emphasized the fact that 
there is a trend away from testing com- 
ponents of a structure in favor of 
fatigue testing the complete assembly. 
He claimed that the latter method is 
the only satisfactory one because it in- 
sures proper relationship of the in- 
dividual parts, materials, joints, flow 
of stresses between parts and workman- 
ship. It is significant that A.S.T.M. 
now calls for testing some parts in 
assemblies. In the discussion that fol- 
lowed the belief was expressed that 
many alloy steels are being used with- 
out good reason and uneconomically. 
[t was pointed out that making shafts 
of slightly larger than usual diameter, 


with ordinary steels, would avoid double 
heat treatments and expensive alloys. 


Cements and Sealers 


Automotive cements and sealers were 
discussed by Mr. A. J. Carter of the 
Chrysler Corporation. Mr. Carter em- 
phasized the need of good workmanship 
to make an effective seal. In the dis- 
cussion the relative merits of neoprene 
and reclaimed rubber cements were 
compared. The speaker indicated a 
preference for neoprene cements but 
stated that both are satisfactory if sur- 
faces are absolutely clean before applica- 
tion. In reply to a question as to 
whether there is a universal sealer re- 
sistant to water, glycols, alcohol and 
gasoline, Mr. Carter stated that there 
is such a sealer but it is thermosetting, 
and therefore there is some hesitation to 
use it. It also was brought out in the 
discussion that the cement is not the 
cause of discoloration in paints on auto- 
mobile doors. Mr. Carter claimed that 
this discoloration could be blamed on 
antioxidants in GR-S synthetic rubbers 
which are used on the doors. 

A capacity crowd was on hand to 
hear the paper “The Development of 
the Skinner Slide Valve Engine”, given 
by Mr. R. L. Skinner of Skinner Mo 


tors Inc. It was believed that another 


revolution in motor vehicle engine-cycle 
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New President of the Society of Au- 
tomotive Engineers—Conrad E. Frud- 
den, consulting engineer, Tractor 
Division, Allis-Chalmers Mfg. Co.., 
succeeding L. Ray Buckendale, vice 
president of Timken-Detroit Axle Co. 


Propuer ENGINEERING — Fesruary, 1947 


design was marked by Mr. Skinner's 
recommendation for the elimination of 
powpet valves. He claimed that the 
Skinner slide valve eng‘ne offers such 
advantages as power-weight ratio of 
one hp. to four lbs. of vehicle weight, 
possibility of reducing car weight by 
800 lbs. and judicious application of alu- 
minum, to slice 1200 lb. from the weight 
of 300 hp. truck and coach power plants. 
He also pointed out that the slide valve 
design simplifies the construction of 
V-type engines, assuring compactness, 
abbreviated crank shafts and greater 
power output from less fuel. 

The copper-brazed Crosley motor was 
described by Paul Klotsch of Crosley 
Motors Inc., in the passenger car ses 
sion on January 7. This four cylinder 
automobile engine is fabricated from 
steel stampings, steel tubing and screw 
machine parts. Mr. Klotsch described 
the engine as weighing 120 lb. with 
accessories, producing 26% hp. at 5200 
rpm., and installed in the Crosley ca: 
giving 50 miles per gal. of gasoline at 
30 mph. car speed. The cylinder block 
contains about 125 pieces, with coer 
and sheet wire or paste form applied 
to every joint, and the assembly is then 
copper brazed in a sixty foot furnace 
at 2060 deg. F. The brazed assembly 
is quickly pulled to about 1100 deg 
the speed of temperature determining 
the hardness of cylinder walls, cam 
follower guides and intake and exhaust 
valve Almost equal in- 
terest was expressed in the paper “The 
Trend In Combustion Chambers and 
Fuel Systems”, by A. T. Colwell and 
Alex Taub, Thompson Products Inc. 
The authors predicted a gradual in- 
crease in compression ratios up to 
12:1, with octane ratings of 100. Valve- 
in-head engines can perform somewhat 
better than L-head for high compres- 
sion ratios. carburetion is 
seen as the next step in fuel systems, 
with fuel injection in the more distant 
future. 


seat inserts. 


Pressure 


Sandwich Construction 


Feature of the Aircraft session on 
Thursday morning, January 9, was the 
symposium on light-weight sandwich 
construction. Sandwich-type construc- 
tion was recommended as providing the 
long-sort combination of strength and 
lightness in aircraft manufacture. J. F. 
Korsberg, of Boeing Aircraft Company 
explained that sandwich construction 
ideal material distribution and con- 
tributes greatly to overall structural! 
efficiency. In another paper, experiences 
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with sandwich construction involving 
honeycomb cores of cotton were re- 
viewed by W. W. Troxell and H. G. 
Engel of the Glenn L. Martin Com- 
pany. They said that the material gives 
satisfactory performance in such ap- 
plications as doors, flooring, partitions, 
shelves, bulkheads, and winged ribs. 
They suggested its application in houses, 
trailer bodies, railroad cars, furniture 
and shipping containers. In the discus- 
sion that followed the need for in- 
creased puncture resistance was ex- 
pressed, especially on the exterior skin 
of cargo planes. 


Low Pressure Plastics 
Standardization Underway 


SEEKING TO STANDARDIZE PROCEDURES, 
materials and terminology, a Standards 
Committee, Low Pressure Division, 
Society of the Plastics Industry has 
been formed. Its Chairman is Paul R. 
Hofmann, United States Plywood Cor- 
poration. It has become necessary in 
the new low pressure division of the 
plastics industry to eliminate multiplic- 
ity of expression. Meeting on January 
23 and 24 at the Edgewater Beach 
Hotel in Chicago, members of the 


Standards Committee submitted an im 
itial set of definitions to the Low Pres- 
sure Industries Division of S.P.I. 

Other members of the Standards 
Committee include John Avignone, I. 
A. Cuming and Company, mold press 
and equipment manufacturers; Frank 
Bennett, Bakelite Corporation, laminat- 
ing resins; W. B. Darling, Riegel Paper 
Corporation, paper reinforcements; R. 
J. Francis, Owens-Corning Fiberglas 
Corporation, glass fiber reinforcements ; 
W. B. Wilkins, consulting plastics engi- 
neer, laminating methods; H. G. Si- 
monds, textile reinforcements. 





"“Electropult" Launches Planes From Small Fields 


A LINEAR ELECTRIC MOTOR more than a 
quarter of a mile long launches jet- 
propelled planes and heavy bombers 
from shipboard or small landing fields 
without the initial impact of conven- 
tional catapults. This new device, 
called the “Electropult”, was designed 
and built by engineers of the Westing- 
house Electric Corporation for the 
United States Navy. 

The Electropult is essentially a huge 
electric motor laid out flat. The 1382- 
foot track corresponds to the rotor of 
a conventional machine and the small 
shuttle car that runs along the track 
acts as the stator. In operation, a 
plane is hitched to the shuttle car 


that speeds down the track and tows 
the plane into the air. The track is 
mounted flush with this runway above 
a concrete trench that contains the 
copper bus bars that carry current to 
the motor. Sunk into the concrete on 
both sides of the track are rails to 
carry the shuttle car. 

The power supply for the Electropult 
is housed in a sunken concrete vault 
beside the runway. A Pratt and Whit- 
ney 1100-horsepower aircraft engine 
starts the cycle. This engine drives a 
d.c. generator that is connected to a 
d.c. motor. This motor in turn is con- 
nected to an a.c. generator and a 24- 
ton flywheel. The flywheel develops a 


tremendous amount of kinetic energy 
when accelerated to full speed of 1300 
rpm. The energy stored in the fly- 
wheel drives the a.c. generator that 
supplies 12,000 kilowatts to the Elec- 
tropult during the few seconds it takes 
to launch a plane. 

Designs have already been completed 
for an Electropult capable of launch- 
ing the largest existing airliners at 120 
miles per hour with a takeoff run of 
500 feet. Such airliners now need a 
run of about 4000 feet to accelerate 
to flying speed. Other possibilities for 
the Electropults are aircraft carriers, 
floating airports or seadromes, and 
barge-tvpe airports on city water fronts. 





(Left) Naval mechanics ready a jet-propelled plane for launching by the Electropult. (Right) Linear motor track of 
the Electropult, used for assisting aircraft take-off at theNaval Air Test Center, Patuxent River, Maryland. The 
central portion of the track is the core of the Westinghouse 1382-foot long linear induction motor. 
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MEETINGS 


February 17-20 

Concrete Industries Exposition — 
Hotel Sherman, Chicago, [I1. 
February 18-20 

Magnesium Association Magne- 
sium Exhibit, U.S. Army Air Forces, 
Wright Field, Dayton, Ohio 
February 20-22 

Optical Society of America—WV inter 
meeting, Hotel Pennsylvania, New 
York, N. Y. 
February 24-28 

American Society for Testing Mate- 


rials—Committee Week and Spring 
Meeting, Benjamin Franklin Hotel, 
Philadelphia, Pa. 

March 3-7 


Institute of Radio Engineers Show— 
34th Street Armory, New York, N. Y. 


March 17-19 ; 

Chicago Technical Societies Council 
—Annual Conference, concurrent with 
Production Show, Stevens Hotel, Chi- 
cago, II. 


March 17-22 

American Institute of Mining and 
Metallurgical Engineers—75th Anni- 
versary Celebration with World Con- 
ference on Mineral Resources, and an- 


nual meeting. Hotel Waldorf Astoria, 
New York, N. Y. 


March 18-20 

Packaging Conference and Exhibi- 
tion—Auditorium, Atlantic City, N. J. 
March 22-29 


American Society for Metals—West- 
ern Metal Congress and Exposition, 
Oakland, Calif. 





18,000-Ton Forging Press 
For Light Metals 


MAGNESIUM AND OTHER LIGHT METAL 
FORGINGS of a size not previously pos- 
sible are now being produced by an 
18,000-ton forging press in the plant 
of the Wyman-Gordon Products Cor- 
poration at Grafton, Mass. Built and 
installed by the Mesta Machine Com- 
pany, Pittsburgh, Pa., the press was 
financed by the government. 

Use of large magnesium forgings 
by the Germans during the war be- 
came of great interest to the Army 
Air Forces and the War Production 
Board. As a result, Wyman-Gordon 
was asked by the War Metallurgy 
Committee to undertake research on 
the forging of large magnesium parts. 
Forging of such parts was not previ- 
ously possible because magnesium al- 


loys had not been developed to a point 
where their use as a forging material 
was practical. 

T@ attain large light metal parts, 
which are often brittle under forging 
hammers, heat-treating and other aux- 
iliary equipment to handle these metals 
is built into the press. These propane- 
fired, apron conveyor forging furnaces 
supply the press with light metal billets 
uniformly heated to the proper tem- 
perature. 

Largest of its kind in the world, the 
complete press installation weighs 4,500 
tons. Area of the press platen is about 
12x7 ft.; pressing speed is 150 inches 
per minute. 


Symposium on Paint to Feature 
A.S.T.M. Sping Meeting 


A SYMPOSIUM ON PAINT with a num- 
ber of technical papers will feature the 
Spring Meeting of the A.S.T.M. Ar- 
ranged by Technical Committee D-1 
on Paint, Varnish, Lacquer and Re- 





lated Products, three general subjects 
will be covered by a series of technical 
papers. On the morning of Tuesday, 
February 25, methods of evaluation of 
paints will be discussed, the finishes to 
be covered including those used in in- 
dustrial, automotive, container and ma- 
rine applications. In the afternoon ses- 
sion three leading technologists will dis- 
cuss the evaluation of paint materials, 
topics including the application of infra- 
red absorption spectra to drying oils, 
the use of inclined tube viscometer, and 
the application of the stroboscopic timer 
for stormer viscometer. Also sched- 
uled for the afternoon session, is a dis- 
cussion of statistical analysis of paint 
test data, including the analysis of paint 
exposure data. 

Leading off the Symposium will be 
an address by John C. Moore, Pres- 
ident of the Federation of Paint and 
Varnish Production Clubs, and an ac- 
tive member of Committee D-1, on the 
subject “Test Methods and the Paint 


Industry.” 





DISCUSSIONS 


AND COMMENTS FROM READERS 





Experimental Stress 
Analysis Symposium 


To the Editor: 

In response to your December insert, 
I think you will be interested to know 
that stresscoat strain analysis is usually 
the first method that our engineers use, 
partly because it is inexpensive and 
partly because it affords a quick esti- 
mation of the location of stress con- 
centration. This method almost always 
leads to quantitative dynamic analysis 
with strain gages and recording equip- 
ment. In my opinion, therefore, you 
ought to devote space to the subject of 

dynamic strain analysis. 
—C, M. HatHaway 
Chief Engineer 
Hathaway Instrument Company 


To the Editor: 

Your December insert was excellent 
but I regret that more space was not 
given to resistance wire strain gages 
and photoelasticity. —C.H.G. 


To the Editor: 

Your Experimental Stress Analysis 
insert contains some striking examples 
of the savings that can be made through 
the use of these methods. I believe that 
more emphasis should be placed on the 
end results of experimental stress anal- 
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ysis rather than techniques, if engineers 

are to become aware of the gains that 
can be made through these tools. 

—F. B. Stern, Jr. 

Magnaflux Corporation 


To the Editor: 

Propuct ENGINEERING is to be con- 
gratulated on its choice of authors and 
its excellent presentation of the prac- 
tical accomplishments of experimental 
stress analysis, in its December issue. 
This symposium of decided 
benefit to the engineer in making him 
aware of the available experimental 
methods which can assist him in de- 
termining the best possible design for 
a structural member or a machine part. 

—Hersert R. LissNER 

Engineering Mechanics Department 


Wayne 


will be 


University 


To the 

Propuct ENGINEERING is rendering 
a distinct service to its readers by bring- 
ing to their attention some of the things 
that have been accomplished by experi- 
the 


Editor: 


mental stress analysis. In papers 
on stresscoat and -photoelasticity, long 
bibliographies should have been in- 


cluded. Also, the object of these meth- 
ods should have been more clearly ex- 
plained in the introductions to these 
papers. —FraANZ R. STEINBACHER 


Dept. of Aeronautical Engineering 


University of Michigan. 
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Sirvene begins in the mind of an engineer... it grows aad 


from the need for a special pliable part to complete his 
mechanism. It is specially compounded from oil resist- 
ing elastomers in Chicago Rawhide Laboratories to [ d , |} 
achieve required physical characteristics, then molded 
to precise design specifications. The finished Sirvene ey [; 
part meets exactly the engineer’s demand for flexibility a | S !b 
or hardness, resistance to temperature extremes, dry- oe 
ness, wear, age, oil, water, or other solvents. Sirvene -" SUNDED ELASTOM ER 
parts deliver dependable performance under the most 
difficult operating conditions. For the solution to your 
pliable parts problem—consider Sirvene first. 
Sirvene products include diaphragms, boots, gaskets, oil seals, Chicago 22, Ilinois 
washers, packings, and other special molded mechanical pliables. 








PRODUCT ENGINEERING REFERENCE BOOK SHEET 


Chart of Symptoms, Causes, and Remedies 
Of Trouble in Oil Hydraulic Systems 


Louis Dodge 


‘TROUBLE ENCOUNTERED in hydraulic systems results troubles and to enable the field engineer to locate and 
in lowered efficiency of machines and lost production. remedy troubles quickly. The symptoms, remedies and 
The following chart has been compiled to enable the design corrections suggested should be evaluated with 
designer of hydraulic systems to avoid the more common __ reference to a particular hydraulic circuit. 





SYMPTONS CAUSES REMEDIAL CORRECTIONS IN Desic N REMEDIES IN THE FIELD 








Noisy pump. Cavitation Specify larger size of F intake pipe 


Use oil of lower viscosity. 


| 
Sos en 
| 





denial suction. Area at least 50 percent Lanai than dis- 
charge pipe. Place pump not more than} 
2 ft. above oil level. } 


Clean salen screen. 


\ir leak at intake pipe 
connections, 








Pour oil over joints eval pump running 
| and spot joint when pump is running 
quietly. 





\ir leak at shaft wadhhin Lubricate or renew packing. Accuratel 
align pump and motor shaft. 


Us se Senile drive coupling. 





\ir drawn into. system} Place suction and discharge pipe on oppo-| Raise oil level 
from oil tank. site sides of baffle plate. Check oil re-| below oil level. 
quirements of circuit against delivery of 
| pump. 


| 
; 
} Renew worn parts 


in oil tank. Discharg: 





Worn valves, vanes, piston 
rings, gears, ete. 


icking valves or vanes. | Incorporate Stier in system. | Check for impurities or metal particles in 


| oil 
\ir leakage which cannot| Maintain low vacuum around rotating 
be overcome by inserting} parts by use of small additional pump. 
packing material. 


Excessive heating of! Inrernal leakage. | 


Renew worn parts, such as gears, vanes, 
pump 


piston rings, valve S, etc. 


Internal leakage uel by Specify closer tolerances and better] Use heavier bodied oil. 


thin oil. finishes. 
Increase oil tank capacity. 
Operate at lower oil pressure. 


| Check pressure relief valve setting. 
| 

Provide oil cooling system. | 
- 


C 
Check pressure relief valve for leak. 
Check pipe lines for obstructions. 








Insufficient clearance of} Provide close, hl ailisiees clearances. 
moving parte. 


( “heck saasialll ly of pump parts. 





Use oil of higher viscosity. 


excessive fluid friction in} 
system. | 





} 

. wei 

Heavy Siedied oil, ‘causing| | 
| 

' 


|- ~ caaeiceiliaia — 


Diminished orinsufficient; Pump parts worn out.| Increase speed of pump within Timits| Check enaineney of ol 


delivery of pump Oil thickened by impuri-! specified by manufacturer. 
| 
tics. 


| 
Erratic and = sluggish) Oil viscosity too “high.| hack needed power input. 
{ 


Use veil sthows r viscosity or oil as specified 
operatior Insuthcient input power. 
= 


by manufacturer. 





Diminished delivery, Short circuit in pump. 
pressure of pump. 


Check seal between inlet and outlet ports 
of pump. 


| Check iin: sail wil rances of pistons. ( “heck system for obstructions. Inspect 
back pressure valve. Inspect cylinde: 


} piston, and piston rings for excessive weal 
cara, i 


I ailing pressure of pistol 
tv pe. 


Unsteady pump pressure | Provide for air vent, bleeder coil, air Rdvooe air from system. Check pressure 


| cock in system. Check timing of Ar aust] relief valve. Inspect suction line for ob 
and pressure valves ports in system. | structions and check efficiency of pump. 





(Continued on page 167) 
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Why American $#Z2<4Z Seamless 



























In countess APPLICATIONS, handling oil, steam, water, and other liquids, gases and semi-solids, 
American Seamless successfully withstands heat, vibration, pressure, abrasion, corrosion and 
repeated flexing. The way it is made (see below), accounts for the superior performance and 
widespread utility of this quality product. Write for Publication SS-50, which gives detailed 


information on types and uses of American Flexible Metal Hose and Tubing. 


Heavy-walled tubes are reduced in our own H 
plant to the proper thickness for forming into 
flexible tubing. Exact dimensions assure maxi- 


mum service life. 


After annealing, the thin-walled tubes are cor- 


rugated to provide flexibility. Special machines R 





form these corrugations in either an annular 


or helical pattern. 


After corrugating, one or more wire braids are 
applied, depending on the service. Braids pro- 
vide added strength and prevent elongation 


under pressure. 





Although American Seamless is sold with or 
without fittings attached. it is usually supplied 
in the form of complete assemblies ready for 
installation. Either soldered-on or heatproo! 


couplings are available. 


Aufowon 
Ante 
Catt 
METAL HOSE 
THE AMERICAN BRASS COMPANY 


American Metal Hose Branch if 
General Offices: Waterbury 88, Connecticut 
Subsidiary of Anaconda Copper Mining Company 


In Canada: Anaconna Amernican Baass Lrv., 
New Toronto, Ont. — 
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PRODUCT ENGINEERING 


REFERENCE BOOK SHEET 


Oil Hydraulic Systems (continued) 








SYMPTONS 


No pressure in system. 


Fluctuating pressure. 


Erratic movements. 


Unsteady movements. 


HYDRAULIC CIRCUIT TROUBLES 





CAUSES 





Relief valve jammed. 





REMEDIAL CORRECTIONS IN Pewecs 








Spacing of valve ports 
incorrect. 





Check timing of individual valves in rela- 
tion to total cycle. 





Air or water in system. 
No back pressure. 


Provide 
valve. 


5 to 10 lb. back pressure relief 





Saaullleious oil in system 
or improper kind of oil. 
Water or air present. 


Check oil requirements of total cycle. 





Improper mounting of 
valves. 





Pressure remaining at low 
point. 


High pressure below 
expectations. 





Frequent leaks in oil 
lines. 


ibis of hoe unsteady. 


Overheating of oil. 
(Efficient normal opera- 
ting temp. is about 130} 
to 140 deg. F.) 


Check valve not closing. 


Shifting plungers to be mounted in hori- 
zontal plane. Ball check 
mounted vertically. 


valves to be 


Check 


pressure. 


aiiiisinin of required spring 





Relief valve not function- 
ing properly. 


Check capacity of spring 





Excessive frictional losses 
in system. Oil velocity 
too high. 





Use as few pipe bends as possible. 

Adhere to ideal radius of pipe and tubing 
bends. Areas of ports, holes, tubing and 
piping to be consistent with an oil velocity 
of 5 to 8 ft. per sec. or less. 





Vibrations in machine. 


Too much oil blowing over 
relief valve. 


REMEDIES IN THI 





FIELD 





Check rm proper pressure setting. 


Check seals and pipe connections. Check 
for j jams Or ¢ obstructions in system. 








Check vent valve. 





Inspect. 





Check plunger for sticking and spring for 
alata adjustment. 





Specify steel instead of copper tubing. 


Employ or increase capacity 
compensator. Check spring 
sator. 


of pressure 
of compen- 


Capacity of pump too large for overall 
requirements. Pump capacity to be at 


least 30 to 40 percent larger than pe 


ments of total cycles per minute. 





Insufficient oil or oil level 
too low. 


Increase c capacity of a“ vend 1 to at least 
3-4 times capacity of pump. 





High pressure held too} 
long. 


Use small pump for high pressure and high 
volume pump for low pressure. 








Oil too light. 





Obstructions or restric- 
tions to flow of oil in pipe 
lines. 


Avoid sharp bends in pipe lines, especially 
in copper tubing. Specify ideal bending 
radius. 





Excessive 
svstem. 


leakage in 


Oil too light. Overlap- 
ping of ports insufficient. 





Irregular. erratic or un- 
certain feeds. 


Slow acting machine. 








Starting temperature of oil 
too cold. 





Check. 





Check control valve for proper positioning. 
Check linkage and cam adjustments. 





Provide heater operative at 
machine. 


starting of 





Oil too heavy; causing ex- 
cessive frictional resistance 
in svstem. 





Oil too shine causing exces- 
sive internal leakage. 





Jerky operation of work- 
ing cylinder (tables). 





Provide pressure at both ends of cylinder. 
Specify higher back pressure if necessary. 
Provide bleeder port in top of cylinder. 








Fasten oil lines securely. 





Check rma control valve and/or ten 
relief valve. 





Check relief valve for pressure and leakage. 
Check pressure at which pump operates. 


Use heavie r oil. 





Check position of ean valve fee neutral 
location and overloads. Pump parts may 
be worn. Check back pressure valve for 
high pressure. 





Tighten all connections; check clear: ances. 
Use heavier oil if leakage is still excessive. 


Check ro excessive Sescauiad leakage. 
Check kind of oil used; use oil recom- 
mended. Oil may have absorbed moisture. 
Inspect control pressure if used. 





Set controls so that oil is aan through 
overload relief valve. 








Use lighter oil. 





Use heavier oil. 


( — oil level; may be too low. Remove 
air from system. See that packing is not 
binding; add packaging lubricant. Check 
for worn or scored rods, seals, and broken 
piston rings. 
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LABOR SAVING 
ON YOUR MIND? 


DESIGN FOR A 
BONUS IN LIGHTNESS! 


In products that have to be lifted, moved, 
handled, you’re designing for readier sale 
when you specify American Magnesium. 35% 
lighter than aluminum, 75% lighter than 
steel, it gives you production savings, too. 
Complex, high-cost assembly operations may 
be simplified by using castings, forgings, stamp- 
ings or extrusions in this strong, feather-light 
metal. It machines easily, at high speeds... . 
can be readily welded. 

How to design? You may draw freely\ upon 
the light metal know-how—the 59 yeara’ ex- 
perience of Aluminum Company of Amefica. 
Not only for design and production help, but 
for our knowledge of the economics of li 
metals that will help you use magnesium whe 
it should be used. ’ 

Take your first step toward a bonus in light* 
ness today. Write, requesting the type of informa- 


tion you need, or call your nearest Alcoa Sales \|~ 


office. ALUMINUM COMPANY OF AMERICA, Sales 
agent for American Magnesium Products, 1702 
Gulf Building, Pittsburgh 19, Penna. 


a 


wanton EM cose 
Ss. ea 


AMERICAN 
MAGNESIUM 
CORPORATION 








LABOR SAVED 
when molders lift match 
plates of American Mag- 
nesium. Keeps core box, 
jig and fixture weights 
within legal limits for 
women workers. 


INTRICATE SHAPES 
like these extrusions of 
American Magnesium 
save assembly costs. Die 
costs cre low; strength 
and performance are 
assured by design know- 
how. 


DESIGNING 
with American Magne 
sium offers no radica! 
problems. The addition 
of a boss or fillet, or 
slight extra thickness, is 
more than made up for 
by feather-lightness, pro 
duction economies. 





Propuct ENGINEERING — FEBRUARY, 1947 











47 





PRODUCT ENGINEERING 





Oil Hydraulic Systems (continued) 





| 


SYMPTONS CAUusEs 


Knocking and noisy 
operation. | 


Selector start, 
valve troubles. 


and stop 


| 


Rapid traverse and re- 
versing valve troubles. 





Acceleration too slow. 








Acceleration too fast. 





Pilot valve inoperative. 





3 and 4-way valve trou- 
bles. Overheating of 
solenoid operated ones; 
indicated by hum or buzz. 


Check valve troubles. 





REMEDIAI CorRECTIONS IN DESIGN 


Arrange iiteaaiie for pistons and plungers, 


which also prevent abrupt acceleration and 
deceleration. 





Provide balancing oil grooves. 





Springs of check valve too weak; recalcu- 
late. Noisy operation (knocking). Pro- 
vide dash pot or springs in ends of valve. 
Floating spool mount horizontally. 





FieLi 


REMEDIES IN THI 


Dineen Nalin as a rs of overheating 
or dirt in oil. Binding as a result 
unbalanced condition. 
Check for broken springs. 
depressed too far. 
worn. 


Le 
roll Ts 


\ “n 
Cams and/« 
Valve remaining partly open. 





Taper on spool too long and gradual. 
Use check valve to by-pass dash pot. 





spool mount in horizont: il plane. 


Taper on spool too short. Use metering| 
valve in addition to dash pot. 





\lign ports properly. Check springs for 
proper balanced adjustment. If floating 





Binding resulting from coating 





With sianaie or spool in home- -position 
solenoid should have completed stroke and 
rest against dead stop. Provide clearance 
between solenoid link and valve plunger.| 


(1/32 in.) 








—_ ——— ae 
Mount in vertical position. 
by limiting stroke of ball. 





Protect spring| 








: | 
Flow control valve 


troubles. 





Metering valve not func- 
tioning properly. 

Troubles of throttle and 
dwell valves. 








Needle type. 





Groove type. 





Taper type. 





Inoperative sequence and| 
by-pass valves. 


‘ 
| 
| 
| 





Fluctuating pressure of 
Telief valve. 





Pressure reducing valve 
troubles. 





Troubles with limit 
switches or pressure 
switches actuating 
electric switches. 








~ | 
Servo and follow valve! 
troubles. 





| large to small end of taper. 


Provide compensator adjustment; set- 
screw for limiting stroke of compensator 
piston. 





= al 


Provide roe to set position he decieedl 


feed. 





| 
| 
| 
= 


| 


lint or 
dirt. 
Excessive wear of spools or body. Broken 


springs. Leaky seals. Binding resulting 
I 3 


from coating. 





Check condition of valve seat. If worn or 
ball is in poor condition reseat new ball 
by tapping against seat with soft brass rod. 








Pressure compensator c binding conned by 
dirt. Plungers worn. 





Dirt lodged in 
orifice. 


eccentric grooves or in 





Not closing be cause of ee: or oe wanted prema 





Needle worn; regrind and relap. 





Plunger worn; binding caused by dirt. 





To prevent iiien Sleeie flow of oil from 








yore pressure adjustment of salihiils nt 
range. 











Clogging caused by dirt. 








Connect both sides of piston by means of 
an orifice and control back pressure by| 
means of adjustable ball check valve. 


Drain line to be open to atmospheric} 
pressure, do not connect to discharge line.| 


Switches to be mounted properly, pers 
ing to specifications. 





Clean out all ports by compressed ait 
Check valve seats for accumulated scale 
or excessive wear. Binding caused by 
overheating, dirt or lint. Onifices plugged 
up; clean out with compressed air. Check 
whether cover binds plunger when tight 
ened. Improper pressure adjustment 
caused by broken spring. Valve inserted 
wrong. Leaky gasket. 





Relief pressure control spring start pump 
and let oil wash out accumulated dirt and 
lint. Check for proper adjustment. 





faulty. Drain lin 
Bleeds r line plugged up 


Spring adjustment 
closed by direct. 
Broken springs. 


Leverage or cams not in proper position 
Oil too heavy or too cold at start. Broken 
or weakened springs. Dirt causing piston 
to stick. 





Check oe accurate alignment of and onl 
rect mounting. . 


| 


— — a 


U unbalanced emule, resulting hom * worn 
spool or body. Binding caused by 
impurities. 
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“When can you ship stainless steel 
bars?” is important—and here Armco’s 
Rustless Division offers you a de- 
cided advantage. Your order for 
stainless bars can be shipped prompt- 
ly fi m our mill or the nearest Armco 
Distributor. 

The reason is that Armco mills are 
busy “round the clock rolling more 
than 60 standard and special grades 





Division of 





vf stainless bars. Many grades and 
shapes are always on the mills and 
can be supplied quickly. 

This wide variety of grades—unsur- 
passed in the industry—enables you 
to choose a specific steel to fit your re- 
quirements. 

TO NEW USERS 

Perhaps you are a manufacturer 
who has never used stainless steel 
bars, but believe their excellent resist- 
ance to heat and corrosion, or their 
attractive appearance, can solve one 






or more of your problems. If so, just 
tell us about the application and we 
will give it prompt attention. 

Whether it’s information on how to 
fabricate, or how the finished equip- 
ment will perform in service, we have 
it and can get it to you without delay. 
WIRE OR WRITE 

For prompt service on your order 
for ARMCO Stainless bars, phone, wire 
or write our district office nearest you. 
or our Rustless Division, 3401 East 
Chase Street, Baltimore, Maryland. 


~ Vane? The American Rolling Mill Company + Middletown, Ohio 


Special-Purpose Sheet Steels * Stainless Steel Sheets, Strip, Bars and Wire 
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INDEX OF ITEMS opened and stops when door is closed. 
Capacity of this ventilator is certified 
as 400 cu.ft. per min. tested in accord- 
ance with the Standard Test Code. 





Product Manufacturer Page 
Bearing, Cage-Type Needle Orange Roller Bearing Co., Inc. 172 P 
rahe pat pasmcan ss .. Great American Color Co. .. . 174 Multi-Head Tachometer 
Cylinder, Hydraulic Actuating SS ee erere 176 Metron Instrument Co., 432 Lincoln 
Dials, Engraved ....... American Precision Dial Co 190 St., Denver 9, Colo. 
Indicator, Liquid-Level ..... Reliance Gage Column Co 18 = Switchboard tachometer indicates speeds 
instrument, Measuring .... Sheffield Corp. ............ 174 of any one of five machines as selected 
ech Vat ainnsaw 2 ateoaeeae Chiksan Co. 18 =6by a rotary switch. The tachometer 
Light, Pilot . . Engineering Associates 722 has three ranges from 1 to 50,000 
Meter, Light .......... Barton Co. sid ee 174 r.p.m. full scale. Operating power is 
Microphone, Condenser Kellogg Switchboard & Supply Co 182 
Motor, Synchronous ..R, W. Cramer Co . 190 — 
NE SS he ance ueceak eyed menaema meee ee Wm. W. Nugent & Co. Inc. 174 ill 
Phono-Oscillator ........ ......D. & M. Mfg. Co. 172 
Pump, Motor-Driven ...... Ruthman Machinery Co 182 
Relays, Magnetic . Ward Leonard Electric Co, 174 ° 
Resistors, Fluorescent Lamp Ward Leonard Electric Co 184 
et, PR eS Dase Use Seana tamed tanieaunc care Shafer Bearing Corp.. 184 
Substation, Unit .. .. Wagner Electric Corp — 178 
Switch, Open-Blade Aero Electric Co 180 
Switch, Push Button . ees Grayhill .. 186 
Tachometer, Multi-Head .Metron Instrument Co. 171 
Tank, Quench ....... .Tenney Engineering, Inc. 172 
aia Sie sia ccrasaracn anela ek Shwe neem aan United Electric Controls Co . 180 
Tracer, Profilometer . Physicists Research Co a ... 178 
PE III dcoras bad tare deaetanndricnuaaseaeanee Raytheon Mfg. Co.. ‘ 176 
Unit, Driver ....... ..... University Loudspeakers, Inc 171 
Ventilator ...... iciva tina Htaehieenidiues aera .American Blower Corp. ; 171 
RN on lon cucs ceedsea ates sac addunpmamaaues P. R. Mallory & Co., Inc. ile 174 








obtained from the commercial 115 volt 


Ventilator 
Imerican Blower Corp., Detroit, Mich. 


Known as Aeropel, this unit is con- 
structed with a white plastic grille, 
which can be attached with the bars 
in either horizontal or vertical posi- 
tion. The tube-axial Ventura fan con- 
sists of 3-bladed Aerocurve propeller, 
(1-piece molded of a fabric-base plastic) 
driven by an inclosed, 115v., 60/50 
cycle single phase motor. A resilient 
spring mounting attaches motor to cy- 
lindrical air tunnel. Wall box is of rust- 
proofed steel with insulated weather 
door. Automatic door latching mechan- 
ism is furnished with each unit. The 
fan starts automatically when door is 
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a.c. power supply, but accuracy and 
calibration are not affected by changes 
in line voltage between 105 and 125 
volts, because a voltage stabilizer is 
built into the unit. The tachometer is 
available in either box-type switchboard 
units or in the flush switchboard type. 


Driver Unit 


University Loudspeakers, Inc., 225 


Varick St., New York 14, N. Y. 


This unit is capable of continuously 
handling up to 12 watts of audio power. 
Outstanding features of construction 
include an Alnico V permanent magnet, 
and a one-piece phenolic diaphragm. 
Design of diaphragm and throat pro- 


17] 

























































NEW MATERIALS AND PARTS--------~--~--~~ 





vide superior frequency response. The 
diaphragm is immune to extremes of 
temperature and corrosion and has a 
fatigue characteristic greater than that 
of metallic diaphragms. Voice coil is 
wound on a duralumin band for maxi- 
mum heat dissipation and rigid concen- 
tricity. The rim-centering type of con- 
struction used in this unit rigidly assem- 
bles the diaphragm to the magnetic 
structure so that aligning pins are elimi- 
nated and the voice coil and head assem 
bly are permanently centered in a much 
closer magnetic gap. 
hermetically sealed. 


The entire unit is 


Pilot Light 

Engineering Associates, 380 Main St., 

East Orange, N.J. 
A pilot light indicator for use in any 
circuit requiring a visual indicator. The 
assembly includes a timer, lamp and 
plastic housing. The self-timing flasher 
blinks the lamp at a rate of 60 to 8o 
times per minute when circuit is closed. 
Flashing action is produced by a re- 
placeable thermal element of the hot 
wire type, sealed in a glass inclosure. 
The thermal unit provides a positive 
make and break snap action. No ex- 


ternal relay or resistance wound bimetal 
strip is required. The device operates 
on 32 volts, d.c., or 125 volts, a.c., cur- 
rent consumption is 200 ma. 


On 


125 








volts, a.c., an external resistor of 500 
ohms, 25 watts rating is required. Op- 
eration of the unit is not affected by 
shock, vibration, dust or corrosive 
fumes. The assembly is 3% in. long, 
has a flange diameter of 1% in. For 
panel mounting, a single 34 in. shank 
having 16 threads per in. is provided. 


Cage-Type Needle Bearing 


Orange [Roller Bearing Co., Inc., 557 
Wain St., Orange, N. J. 
Especially adapted for spindles and 


high-speed applications, this bearing can 
be used in vertical or overhung applica- 
tions. Rollers run in a cage, fabricated 
from anti-friction, non-ferrous metal 
and cage pockets are coined to the con 
tour of the rollers. Cage land revolves 
on outer race, preventing 
from wearing on 


cage pockets 


All 


rollers. rollers, 





retaining rings, and raceways are Pen- 
trate finished to reduce friction, add 
durability, and resist rust and corrosion. 
Internal clearances of this type 
needle bearing can be controlled to 
meet exacting specifications. 


cage 


Phono-Oscillator 


D & M Mfg. Co., 31 
Midland Park, N. J. 


Lincoln Ave 


This unit is designed to link any rec- 
ord player or automatic record changer 
with any standard broadcast receiver. 
No wire connection between the record 
player and the radio is required. The 
signal is strong and completely blankets 
ordinary static or extraneous noise 
when the unit is located within 50 ft. 
of the receiver. The unit is compact 
(2 x 5% x 4% in. including tube) and 
has two brackets to mount it quickly 
and permanently in almost any record 
player. Weight is 12 ounces including 
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tube. ‘The transmitting frequency can 
be permeability tuned, by a slotted 
screw, through a range from 550 to 
1550 kc. Units are shipped tuned to 600 
kc. Second harmonic transmission is 
equal in strength to transmission on 
the fundamental frequency so that in 
many cases the radio receiver can pick 
up the recorded music on either of two 
settings without returning the phono- 
oscillator. Unit operates on 115 volts 


a.c. or d.c. and includes a_ built-in 
scratch filter. 
Quench Tank 

Tenney Engineering, Inc., 26 Avenue 


B, Newark 2 N.J. 


A controlled temperature quench tank 
for use in the plastics industry for pro 
duction of extruded plastic threads and 
other plastic materials. The tank, set 


into a structural steel frame, is con- 


structed of heavy gage, corrosion-re 
sistant metal and is insulated on all 


surfaces. Casters provide easy move- 
ment and jack studs allow setting and 
leveling the tank at its final location. 
A refrigeration compressor and motor 
are installed below the tank, on shock- 
proof mountings attached to the steel 
frame, with compressor connected to 
copper bare tube refrigeration coils on 
the tank wall and floor for maintaining 
low temperatures. A _ motor-driven 
water pump is installed below the tank 
on shock-proof mountings attached to 
the steel frame, for continually re-cir- 

















# idakabafula 


CONE DRIVE 


than 





STANDARD 
CONE-DRIVE 
SPEED REDUCERS 


Check this table of ratings of Standard 
Cone-Drive Reducers against any other make. 
There is beef in the compact housings too— 





{nt em Sey eee 


at 


plus plenty of cooling area. The model 
HO-7400 illustrated here is a 4-inch 
C. D. unit, ideal for conveyor drive or 
other materials handling applications. 
Note the double row ball bearings— 
the rigidity of the housing design. 

You can’t go wrong on Cone-Drive 
reducers. They give you greater rugged- 
ness, increased load capacity, smaller 
size, high thermal efficiency, long trouble- 
free life. Made in pinion-under and 
pinion-over, gearshaft vertical or hori- 
zontal models. Available with water- 
cooling and extended shafts. 


Write for Bulletin, giving approximate 
horsepower or torque and ratio required. 


CONE-DRIVE DIVISION 


MICHIGAN TOOL COMPANY 
7171 E. McNichols Road, Detroit 12, U. S. A. 





HORSEPOWER RATINGS AT 100 & 1750 PINION RPM 














































































































2 inch 3 inch 4 inch 5 inch 6 inch 8 inch 10 inch 12 inch 15 inch 18 inch 
Center Center Center Center Center Center Center Center Center Center 
Distance | Distance | Distance | Distance | Distance |RATIO | Distance | Distance | Distance | Distance | Distance 
100 | 1750; 100 | 1750; 100 | 1750; 100 | 1750) 100 1750 100 |1750 | 100 |1750;} 100 | 1750} 100 | 1750} 100 | 1750 
35 | 2.96 | 1.24) 9.04) 3.00 /19.8 | 6.07 | 37.0 | 10.4 | 59.1 5:1 | 244 |119.2 | 45.8 |208. | 77.6 | 336. 

21) 1.95) .75 |) 611) 181 .|13.4 | 3.65 | 24.47 | 6.35 | 40.4 10:1 | 147 | 82.6 | 28.0 |145. | 47.1 |217. | 86.0 |410. /133. | 692. 
15} 1.40) .53 | 439) 1.27 | 9.64) 2.58 | 18.09 | 4.46 | 29.1 15:1 | 104 | 61.2 | 19.8 |105. | 33.8 |163. | 60.5 |299. | 91. | 446. 
1} 1.90) 40) 3.40) 98) 75 | 2.00 | 13.96) 3.39 | 22.5 20:1 7.92) 46.9 | 15.2 | 81.6 | 26.6 |131. | 45.3 (232. | 69. | 361. 
09; 86) 33) 2.77) .79 | 6.03 1.60 11.2 | 2.77 | 184 25:1 6.47| 38.4 | 12.3 | 66.9 | 21.4 | 106. | 36.6 |189. | 55.5 | 296. 
08} .73| .27| 232) 65) 5.06 | 134] 9.47) 2.32 | 15.8 30:1 5.42 | 32.2 | 10.2 | 56.0 | 17.9 | 89.0 | 30.0 |161. | 46.2 | 248. 
06} 55) .21) 1.75) 50) 3.79) 1.01] 7.13) 1.75] 118 40:1 4.1 | 244) 7.77) 42.4 | 13.6 | 67.2 | 22.2 |122. | 34.2 | 186. 
A7 | 1.40) 39 | 3.07] .809) 5.70; 140) 945 | 50:1] 3.28 | 19.5 | 6.22) 33.9 | 10.9 | 53.8 | 18.0 | 95.8 | 27.6 | 150. 

33 | 254] .675) 4.75) 1.17] 7.87 | 60:1 2.74) 16.2 | 5.20) 28.7 | 9.00) 45.5 | 12.7 | 80.6 | 21.5 | 125. 

58 | 408) 1.00) 675 | 7O:1 2.34) 13.9 | 4.45) 246 | 7.72) 39.0 
{ Ratings apply to both Standard Cone-Drive Speed Reducers and Standard Cone-Drive Gear Sets. 
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NEW MATERIALS AND PARTS 





culating the water in the bath with 
very little agitation. A single-pen re- 
cording controller with a temperature 
range from plus 20 deg. to plus 200 deg. 
F. is mounted on the front panel. 
Switches for the compressor motor, 
pump motor and controller are located 
on the front panel for accessibility. 
A flat valve controls the flow of fresh 
water to the bath and a drain valve is 
furnished for clean-out purposes. A 
drip pan around the entire bath is 
made integral with the unit and all 
plumbing is of copper and brass. 


Light Meter 


The Barton Co., 968 Farmington Ave., 
West Hartford, Conn. 


The Model 623 light meter, measuring 
relative light intensities of low magni- 
tude in the blue portion of the light 
spectrum, uses a blue-sensitive photo- 
tube (RCA 929), and gives a more uni- 
form response to visible light than is 
obtainable with photo-voltaic cells. The 
meter is inclosed in a sheet steel case 
measuring 5 x 9 x 6 in. and is equipped 
with a carrying handle. Variations in 
tube and battery characteristics are 
compensated by the use of a differential 
circuit, though the life expectancy of 





the batteries is nearly equal to shelf 
life because of the small-current drain. 
Light is received through a rectangular 
window at the back of the case. A zero- 
adjusting knob provides precise balanc- 
ing of the circuit with the window 
covered. Three light ranges are pro- 
vided giving readings up to 50, 500 and 
5,000 microamp. of differential current. 


Videocoupler 


P. R. Mallory & Co., Inc., Indianapolis, 
Ind. 


Known as the Type VC-1, this unit 
is a three-terminal network designed 
to couple the video amplifier to the 
picture tube in television receivers. 
This product combines three units in 


174 














one assembly, including two peaking 
inductances and the load resistor. The 
unit is of heavy construction and con- 
venient to use, greatly simplifying the 
design of wide-band amplifiers. It is 
claimed to unnecessary procure- 
ment, handling, and variations inciden- 
tal to the three individual parts it can 
replace; insures accurate and consistent 
electrical characteristics plus increased 
production through time saved in as- 
sembling one combined component. 


save 


Buffing Compound 


Great American Color Co., 2512 W. 
Ninth St., Los Angeles 6, Calif. 
Known as “Gamco,” this compound 


grinds, polishes, and often makes sand- 
ing unnecessary between sawing and 
polishing plastics. Developed especially 
for acrylics, “Gamco” leaves the pol- 
ished articles clean and ready for dye- 
ing, cementing, or packaging. The com- 
pound is easily applied to all types of 
buffing wheels and contains no jeweler’s 
rouge or greases. 


Multiple Oiler 


Wm. W. Nugent & 
Ill. 


Co., Inc., Chicago, 


With a reservoir tank capacity of 3 pt., 
and available with a string of sight feed 
valves in multiples of from 2 to 23 





. + 
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feeds, this oiler is designed to be used 
on any machine that requires drop feed 
or small stream lubrication. Design 
features of this product include: 1. Re 
movable strainer in each sight feed for 
cleaning without tools, or without stop- 
ping the flow of oil. 2. Reservoir tank 
gage glass has protecting sleeve along 
entire length. 3. Oiler is equipped with 
supporting clamp having threaded studs 
to screw into the machine to be oiled. 
4. Dust-tight reservoir cover, removy 
able for filling operation. 5. Union out 
lets on each feed available in sizes from 
Ye to 3 inches. 


Magnetic Relays 


Ward Leonard Electric Co., Mount 
Vernon, N, r. 


Designed for application in industria! 
electronic and spec’al control circuits, 
these relays, suitable for a.c. or dic. 
on standard frequencies and voltages 
to 125 volts, are available with single 
or double-pole, and single or double 
throw silver contacts. Single-break con 
tact ratings for standard relays are 4 





amp. volts, a.c. 60 cycles on non- 


125 
inductive loads. Bulletin 106 relays are 
of the open type mounted on a molded 
phenolic insulating base, and where in- 
closures are required, plastic, steel, or 


watertight boxes can be supplied. 
Midget magnetic relays are available 
for two-wire or three-wire instrument 
control. 


Measuring Instrument 
The Sheffield Corp., Dayton 1, Oh 


The Precisionaire instrument designed 
for the accurate checking of small rings 
from 5/32 to I in. internal diameter. 
It also indicates taper, bellmouth and 
out-of-round conditions. The rings ca” 
be explored to a depth of 9/16 in. from 














QUICK 
| DIELIWIER' 


) on Cast Bronze Bearings 
RHere ts Good News for manufacturers of all types of 


equipment. Now you can secure all your requirements 
in cast bronze bearings. . . particularly in the larger sizes 

. in days ... not months. Our new and enlarged 
facilities plus over five hundred skilled, returned service- 


Call JOHNSON BRONZE men have made this excellent delivery possible. 



























































. at Atlanta + Cambridge, Mass. « Buffalo On standard stock items . . . UNIVERSAL Bronze Bars, 
* Chicago * Cincinnati * Cleveland - G. P. Bearings, Electric Motor Bearings . . . we can ship 
Dallas + Detroit » Kansas City, Mo. * Los your order the day it is received. 
Angeles - Minneapolis * New York - Why not check your requirements NOW? Send us your 
Newark « Philadelphia * Pittsburgh - St. prints and your specifications. Remember, Johnson Bronze 
Louis « San Francisco ° Seattle. makes every type of Sleeve Bearing . . . an unfailing 


source of supply with the highest reputation for quality. 
Write, wire or call—TODAY. 


JOHNSON BRONZE COMPANY 
508 South Mill Street New Castle, Pa. 
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Continental’s 
specialization is 
based not only upon 
e/ its 44 years experience, 
£ but upon the development 
* of specialized equipment 


af # 






such as the automatic double 
ram tilting top press shown 
below. Millions of molded parts 
made for scores of industries have 
earned Continental a high reputation. 
Whenever you have molded rubber 
parts to plan and purchase, why not 










have Continental’s recommendation? 
See our Catalog in Sweet's 


Rubber sy CONTINENTAL 


Baltimore, Md 
Boston, Mass 
Buffalo, N.Y 
Chicago, Ill 
Cincinnati, Ohio 
Cleveland, Ohio 


Dollas, Texas 


BRANCHES New York, N.Y 
Philadelphia, Pa 
Dayton, Ohio Pittsburgh, Pa 
Detroit, Mich Los Angeles, Cal Rochester, N.Y 
Greensboro, N.C Lutz, Flo St. Lovis, Mo 
Hortford, Conn San Francisco, Cal 
Indionapolis, Ind Syracuse, N.Y 


CONTINENTAL RUBBER WORKS. ERIE, PENNA, U.S.A. 


Kansas City, Mo 


Memphis, Tenn 
Milwaukee, Wis 





each side by hand wheel vertical ad- 
justment of the diamond-tipped gaging 
arms. Gage blocks are used in setting 


the instrument, which is of the compar- 
ator type. Amplification is approxi- 
mately 35,000 to 1. Deviations from 
the muster setting of less than five 
millionths of an inch are easily read, 


as each graduated space represents 


five millionths occupies 0.175 in. on 
the scale. 


Hydraulic Actuating Cylinder 
Air Associates, Teterboro, N.J. 


Designed for use with 3,000 lb. per 
sq. in. aircraft hydraulic systems, this 
unit brings the landing gear down at 
the usual speed at the start, but slows 


oe bh 


























the action at the last moment, cushion 
ing the gear so that it locks into posi- 
tion without the customary shock and 
resulting deflection. These cylinders 
are readily adaptable to all type air- 
craft. 


Thyratron Tube 


Raytheon Manufacturing Co., Newt 

Mass. 
Designed for remote control circuits 
the RK61 can be used for applications 
requiring extreme economy of spac 
weight and battery drain. Similar } 
characteristics to the Raytheon RK62 
the RK6r is intended for use as a self 
quenching super-regenerative detecto! 
that will operate a high resistance rela) 
in the anode circuit upon reception 0! 
a radio signal. The flexible terminal 
leads can be soldered directly to circuit 
components without the use of a socket. 
Standard subminiature sockets can be 
used by cutting the tube leads to 0.20 
in. length. Electrical characteristics © 
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1946 Lustron Production 1947 


Monsanto will manufacture approximately 80 million pounds of Lustron 
this year... 


».. nearly 300% more than last year... 


. +. more than all the thermoplastics manufactured by 
all materials manufacturers in 1941! 


Ready availability . . . in the face of continuing shortages in other 
materials .. . becomes one more compelling reason* for making your 
product plans with Lustron, Monsanto's polystyrene molding com- 


pound, the most versatile of all plastics. 


All you who mold plastics, use them—or could use them—in manufac- 
ture, can now go ahead with your production plans with certainty . . . 
with Lustron. Write for complete Lustron data . . . technical information, 
information on supplies: MONSANTO CHEMICAL COMPANY, Plastics 


Division, Springfield 2, Mass. In Canada, Monsanto Ltd., Montreal, 


Toronto, Vancouver. Lustron: Reg. U. S. Pat. Off. 
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*8 more reasons for specifying Lustron: 


Rainbow range of colors, 
clear or opaque 


High dimensional stability 
Light weight 

Low price 

Excellent electrical properties 


Excellent resistance to moisture, 
acids, alkalies 


Finest moulding qualities 


Freedom from taste and odor 





MONSANTO 
PLASTICS 


SERVING INDUSTRY WHICH SERVES MANKIND 
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ECONOMIZE 
WHEN YOU 
REVISE! 


NAME 
COMPANY 
STREET 


CITY 


CUTS REVISION COSTS 


PORTAGRAPH enables you to revise details with- 
out retracing an entire drawing. By masking out the 
area to be revised you get a blank space on your 
PORTAGRAPH photocopy, in which you can ink in 
the revisions. Then, you just copy the revised drawing 
on your PORTAGRAPH-saving time and money. To 
learn about the many other ways PORTAGRAPH cuts 


your costs, simply fill out and mail the coupon below. 


A A — LR SRE CNR REE OSEAN RRR: CSE Operation of this unit consists of plac- 
Re : ion and PORTAGRAPH - ROOM 2632 
G 315 FOURTH AVE. - NEW YORK 10 


GENTLEMEN: Please send me your free folder From Planning to Production. 










TITLE 


+, ZONE 





STATE 


| the Raytheon RK61 are: Filament volt- 
| age (d.c.) 1.4 volts; filament current, 
0.05 amp., average tube voltage drop 
(at 1.5 ma), 30 volts; anode voltage, 
45 volts; relay resistance, 5,000 to 
10,000 ohms; anode current (no sig- 
nal), 1.0 to 1.5 ma.; and anode current 
(with signal), 0.1 to 0.5 milliamperes. 





Unit Substation 


Wagner Electric Corp., 6400 Plymouth 
Ave., St. Louis 14, Mo. 





High voltage incoming line,  trans- 
former, and low voltage feeder sections 
are combined in one compact assembly 
in these All-In-One unit substations. 
Installation is simplified, as the units 





Seni 











are delivered ready to connect. The 
units are standardized in ratings 100, 
150, 200, and 300 kva, 3 phase, 60 
cycles. Choice of combinations of dif- 
ferent types of transformers and high 
and low voltage equipment makes them 
suitable for a wide range of applica- 
tions. 


| Profilometer Tracer 


Physicist Research Co., Ann Arbor, 
Mich. 


Known as the Type MA, this tracer 
replaces the Type M tracer as stan- 
dard equipment with all profilometers. 


ing the tracer on the surface, moving 
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BONDERIZING protects fine appearance 


eee guards against corrosion 


The automobile’s fine finish has a stout ally the spread of finish failure from scratches 
in the fight against snow, slush, rain and and bumps. 

sun—BONDERIZING*! Over 90% of all automobiles are BOND- 
This tough, effective nonmetallic coating ERIZED. 

is integral with the metal of fenders, body Bonderizing can add to the lasting finish 


and sheet metal parts. It anchors the organic beauty of your product, too. Write today 
finish, resists corrosion and greatly retards for full information. 


PARKER RUST PROOF COMPANY, 2179 East Milwaukee Avenue, Detroit 11, Michigan 


*Bonderite—Reg. U.S. Pat Off. 


BONDERIZING PARKERIZING PARCO LUBRIZING 


Holds Paint to Metal Inhibits Rust Retards Wear on Friction Surfaces 


PARKER PRODUCTS CONQUER RUST 
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$.8.WHITE 
FLEXIBLE 








Take the machine shown above. An S.S.White power drive flexible shaft 
carries power around a right angle turn just about as simply and as economi- 
cally as it can be done. By using the shaft you reduce the required parts 
to a single, easily applied mechanical element. This means economy in 
manufacture and assembly. And you also eliminate the need for time- 
consuming and costly alignment of the connected parts. 


For the same reasons, S.S.White flexible shafts are the right angle on a 
great many other out-of-line drives regardless of degrees. And the same 
holds true on mechanical remote control. They come in a large selection 
of sizes and characteristics. Engineers will find it 
helpful to know their range and scope. 


! SS db oe 
A rugeimes [ ey 
WRITE FOR BULLETIN 4501 Pe 


It gives essential facts and engineering data about 
flexible shafts and their application. 


S.S.WHITE 


THE S. S$. WHITE DENTAL MFG. or = INDUSTRIAL 





DIVISION 


EPT. D 10 EAST 40th ST., NEW YORK 16, N.Y, ams 


PAEXIGLE SHAFTS + FLEXIGLE SHAFT TOOLS AIRCRAFT ACCESSORIES 
SMALL CUTTING AND GRINDING TOOLS = « SPECIAL FORMULA RUBOERS 
MOLDED REWSTORS + PLASTIC SPECIAITIOS « CONTRACT PLASTICS MOLDING 


Oue of Americas AAAA Industrial Exterprises 





it, and noting the micro-inch reading. 
The Type MA tracer is considerably 
smaller than the old Type M;; it will 
go completely through a 1%4 in. inside 
diameter. Only two sk‘d yokes are 
needed to handle all surfaces. No adap- 
tations are needed to use the tracer 
with any profilometer now in use. 


Open-Blade Switch 


Acro Electric Co., 1310 Superior Ave., 
Cleveland 14, Ohto 


Snap action in this open-blade switch is 
obtained with a beryllium copper rolling 
spring. The switch operates at pres- 
sures ranging from 3 to 5 oz. with a 


movement differential of approximately 
1/16 in. Designed for 2 pole applica- 
tions, the switch is made in both single 
and double-throw types and is rated 
at I5 amp., 125 volts ac. Overall 
dimensions are 24% x 25/32 x % inches. 


Thermostat 


United Electric Controls Co., 71 A 
St., So. Boston, Mass. 


An immersion-type thermostat desig- 
nated as the Type MI. This unit is 
particularly designed for close tempera- 
ture control on quick battery chargers. 
It is also applicable for controlling the 
temperature of strong liquids, gases 
and hot plates. For applications in- 
jurious to brass the unit is normally 
supplied with a neoprene sleeve. The 
Type MI thermostat is built with an 
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Diamond G service 


Another lock washer speci 


the new 
book. -° 


Washers. ee ae 

esign eng! 
ner ye Yours without © 
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write to--> PANY, INC. 
GEORGE K. GARRETT COMPHT : 


1421 CHESTNUT $T., 





LOCK WASHERS 


FLAT WASHERS 


. 








« STAMPINGS «+ «+ SPRINGS + *« HOSE CLAMPS 





DIAMOND <> PRODUCTS 


FINISHING WASHERS 


Diamond G makes a full line of hollow: 3 


and flush type finishing washers. 
Available in all finishes and types of 
metals. 


SPECIAL WASHERS AND 
STAMPINGS 


A complete range of sizes are avail- 

able in Diamond G special “C” wash- 

ers. Unusual stampings of all kinds 

produced in Garrett’s modern stamp- 

ing plant which turns out millions of 

stampings. ret 
tye 


SPRING STAMPINGS 


Garrett's modern facilities for stamp- 
ing and precision heat treating make 
_it possible to. produce spring stamp- 
ings of the highest quality. Producing 
special spring stampings to exact 
specifications in an amazingly short 
period of time is a specialty of 
Garrett's. 


SPRING WASHERS 


Diamend G has built an’ovtstanding 
reputation for producing a wide vari- . 
ety of spring washers. They offer 
manvtacturers an excellent source of 
supply for special shaped, curved, 
dished and cupped spring washers. 


FLAT WASHERS 


Outstanding in the Diamond G line 
of products are the many flat Woshers 
made by Garrett's. lt offers industry a 
quick and dependable source of a 
complete line of flat washers includ- 
ing SAE, machine-screw, and air- 
craft washers in all sizes, thickness, 
metals and finishes. Garreti’s alse 
produce a complete fine of snap, 
space and retainer rings for all types 
of industrial installations. 





HOSE CLAMPS 


Garrett's line of hose clamps includes 
both types fo provide the manufac- 
turer with the answer to his problems. 
The Diamond G Multi-Clamp is the 
ideal clamp of a thousand uses . 
which can be vsed on automotive, 
hydraulic, pneumatic, electronic and 
aviation installations. The Diamond 
G Avto-Seal Clamp is truly the all- 
purpose economy clamp for every in- 
dustrial use . . . is rugged and pre. 
vides a tight seal on every joint. 


SNAP AND RETAINER RINGS 


FOR SEMS WA 





Washer permanently fastened on, yet 


free to rotate. Easier, faster driving 
No fumbled, lost or forgotten washers 
Matching finish on both parts. Easier 


ordering and balanced inventories. 


recessed-head screw 
Can't fall off 


No screw-driver slippage 


The latest type 
Screw locks on driver 
Easy to as- 
semble 


Exceptional driver life. Ordi- 
nary screw-driver may also be used 


See SCOVILL! 


FOR PHILLIPS 


Increase assembly speed up to 50%! 
Cut down injuries to workers with no 
burrs, no skids. Reduce production costs. 
Reduce Improve product ap- 
pearance! Go modern with Phillips! 


rejects! 


Scovill is expert in cold-forging unusual 
special fastenings, such as the one 
Scovill designing ability, engi- 
neering skill, men and machines save 
money for customers. Consult Scovill! 


shown 


Look at the fastenings you're now using—and see if they're 
the best for the job. Get better results—at less cost—with 


modern fastenings. If you use fastenings in large quantities, 


it will pay you to find out 


what Scovill can do for you. Fill 


out and mail the coupon below— now! 


r 
\ 
\ 


QUALITY FASTENERS 
FOR 
QUANTITY CUSTOMERS 


MAIL COUPON TODAY! 


a 


—_— 


URING 


sc m 
WATER 

WATERVILLE 48, 

Please s¥P 

o Scovi 

o Scovi 


ADDRESS 


pnts FACT 
VILL MANU 
vs LLE SCREW 


ply more info 


1) SEMS Was 
iH PHILLIPS Recesse 


pROOUCTS DIVISION 


ONN. 

rmation on: 
her Screw Assemblies 
: d Head Screws 


HEAD Screws 


(PE-2) 


Me seltngt? 


RECESSED HEAD SCREWS 
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electrical rating of 1,000 watt, 110 volts 


The on-off differen 
tial is 3 deg. and the control is adjust 
able within the range of 0 to 250 deg. | 


a.c. non-inductive. 


Condenser Microphone 


Kellogg Switchboard and Supply Ci 
6650 S. Cicero Ave., Chicago, Ill. 
A midget microphone for accurate 
measurement of sound pressures. When 
used with a suitable preamplifier, th 
response is about minus 59 decibels re 








ferred to one volt per dyne sq. cm. 
The response of the microphone is flat 
to within one db. from 100 to 7,000 
cycles per sec., and within 3 decibles 
from 60 to 10,000 cycles per second. 


Motor-Driven Pump 


The Ruthman Machinery Co., Cincin 
natt 2, Ohio 


Called Model 2-C, this pump, equipped 
with 34 hp., 1,724 r.p.m. motor, is 
capable of handling 70 gallons of liquid 
per minute at a total head of 22 ft. 
This pump can be installed either below 
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Industry's 1947 model equipment is very much anti-friction 
minded, yet cost-conscious, as well. And here’s where Schatz 
“Commercial” Ball Bearings hold the answer...on both 
counts, 

Take apart a “Commercial” bearing and you find onl) 
through-hardened, chrome alloy precision balls, which roll 
on high-grade, carburized, hardened and tempered cold- 
rolled steel races. This inherently sturdy construction adds 
extra utility at every turn, greater resiliency, needed ca- 
pacity for the heavier loads, and trouble-free operation. So 
i's not unusual to find “Commercials” rolling along in 
printing presses or clothes wringers, vending machines o1 


escalators...delivering friction-free operation, whatever the 
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service requirements. 

“Commercial” Ball Bearings are manufactured in every 
standard type and size. The common denominator in each 
is the half-century of Schatz manufacturing experience, plus 
the engineering counsel that’s ready to lend a knowing hand 
and fit the right bearing to your application. 

Remember, Schatz makes only ball bearings, and “Com 


mercials” are manufactured only by Schatz. 


THE SCHATZ MANUFACTURING COMPANY 
POUGHKEEPSIE, NEW YORK 


REPRESENTATIVES 1 ATED AT 
C D4 Book ower-— ¢ Swe d Building—}! 
ace S Mich aad Anaele Wilshire Blvd.—3é 
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ee 


or above the reservoir, in a horizontal 
or vertical position. It can be con- 

verted to pipe inlet type by a pipe 

adapter plate available in several sizes. 

Other similar models will be available 

from % to 2 h.p. inclusive. 








Fluorescent Lamp Resistors 


Ward Leonard Electric Co., Mt. Ver- 
non, ¥. 


These plug-in type resistors are de- 
signed for use with single lamp porta- 
ble fixtures for operation of fluorescent 
lamps on direct current. The wire- 
wound fixed resistor is mounted in a 
small perforated metal inclosure meas- 
uring 15@ in. in diameter by 1 3/16 in. 





in height, having spring pressure prongs 
on one end and a receptacle on the 


other. Operating as an adapter unit, 

the resistor is plugged in between the 

; a lamp fixture and the direct current out- 

AN Wo TO GEAR BUYERS let. This fixed resistor unit requires no 


wiring and is connected in series with 
° . the auxiliary d.c. ballast, serving to 
Many of the country’s top-ranking manu- 


limit the fluorescent lamp current. 














facturers look upon our gear engineering 
facilities as part of their own plant! And rightly 


| Housing Seal 
so! For over 25 years our job has been the pro- " 


Shafer Bearing Corp., 1412 West 


duction of precision gears to customers’ specifi- Washington Blod., Chicago 7, Ill. 

: “gs . : Called the “Z” seal, this housing seal 
cations. Once , aaaal specifications are m our retains lubricant in roller bearing units. 
files, reorders are filled automatically. As spec- It consists of five parts. The seal ele- 


ment fits on an extension of the inner 


ialists in this field, we have the equipment and 
experience to do our job well. Let us quote on 
YOUR requirements now! 


s 8 
PERKINS Precision, Custom-Cut 
| 
PERKINS MAKES: Helical Gears, Bevel Gears, Ratchets, Worm 
Gears, Spiral Gears, Spur Gears, Ground Thread Worms 


PERKINS MACHINE & GEAR COMPANY - Springfield 2, Mass. 
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Mt magnifies TIME... 


The Eastman High-Speed Camera provides a direct 
approach to “high-speed” engineering problems 


If you're studying engineering problems that involve 
action too fast for the human eye to register, you 
can get the visual facts you need with the Eastman 
High-Speed Camera, Type III. 

Here’s what it does .. . It takes motion pictures at 
3000 frames a second. Then you project them at only 
16 frames a second . . . thus magnifying “action time” 
almost 200-fold. 


Here's what it does for you . . . It enables you to 
see, analyze, and measure flame phenomena, chatter 
and vibration in machine elements, movements of 
fluids. Shows you these and many other types of 
swift, blurred, transient action as slow, clear, con- 
tinuous motion. 


Don't overlook the possibilities of the Eastman 
High-Speed Camera, Type III, in your work. To learn 
more about it and how it may be useful to you... 
write for the new booklet . . . or better yet, if you have 
access to a 16mm. projector and would like to see 
some actual examples, ask us to send you our 16mm. 
demonstration reel of selected high-speed movies. 


EASTMAN KODAK COMPANY 
Industrial Photographic Division »- Rochester 4, N.Y. 


r—- Mail this coupon for new FREE booklet —-——: 


Eastman Kodak Company 
Rochester 4, N. Y. 


I want to know more about the Eastman High-Speed Camera, 
Type III. Please send me your new, free booklet, 0 your 
16mm. demonstration reel of selected examples of high-speed 
movies. 


Name 








igh Speed Movies 


oe | ae 





--- another important function of photography 


Street 








City 
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IN DIE-CUT FELT PARTS 


Conformity to your specifications is 
guaranteed by che unequalled accu- 
racy of Booth dies. 





Booth uniformity of quality and 
cutting will show you immediate time. 
savings in assembly of parts. Quality 
plus Experience is the only sure for: 


mala for complete satisfaction, 


APPLICATION CHART AND 
SAMPLE KIT...contains swatches 
of S.A.E. felt types, with specifi- 


cation tables. Write for it. (No 
sales follow-up.) 
THE BOOTH FELT COMPANY 


475 19th Street Brooklyn 15, N. Y. 


746 Sherman Street Chicago 5, Ill 


2319 







TRADE mate 


PRECISION CUT 
FELT PARTS 








bearing race with minimum running 
clearance, providing an almost friction- 
less seal. The seal element is held un- 
der moderate tension yet is permitted to 
float radially, correcting for radial dis- 
placement. Brass construction is used 
in two parts to prevent corrosion and 
to provide natural bearing material dur- 


bearing race. The entire unit is easily 
removed and dissembled into its com- 
ponent parts. 


Swivel Joint 


Chiksan Co., Brea, Calif. 


High pressure swivel joint built for 
working pressures of 12,000 lb. per 
sq. in. Rotating members are steel 
forgings, machined to close tolerances 
and with flame-hardened ball races. 
Full 360 deg. rotation with low torque 
takes place on two rows of hardened 
steel balls that also hold the rotating 
members together under pre-regulated 
The packing element is de- 


pressure. 


| signed for high pressure service and is 





self-adjusting. The Type 
no bolted flanges, locking rings or stuf- 
fing boxes. High pressure lubricating 
fittings provide for positive lubrication 
of the bearings. Inside diameter is un- 
obstructed, permitting full flow of 
liquids, gases and vapors with mini- 
mum friction loss and turbulence. End 
connections are of the high pressure, 
tapered-thread type. 


Push-Button Switch 


Grayhill, 1 No. Pulaski Rd., Chicago 
24, Ill. 


This unit, called the Series #4000 
Switch, features momentary contact 
with automatic return. As the button 
is depressed, a bridging contact at the 
base closes the gap between the two 
solder-type terminals. The round 
phenolic base of the switch is 0.656 in. 
in diameter and 0.625 in. in depth. 
The plunger assembly protrudes 0.531 
in. in front of the base and is inclosed 


| ing momentary contacts with the inner | 


XH _euses | 
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FOR STRENGTH 
AND BEAUTY IN 
PRODUCTS AND, 



































HE GENERAL ELECTRIC 


,~ Multi-Weave process is a 
modern version of an old art 
employing everyday materials 
in a new manner. A wide vari- 
ety of metals can be woven to- 
gether to form unusual and 
interesting combinations for 
greater beauty, strength and 
functional utility in a vast num- 
ber of products and designs. 


Brass, copper, aluminum 
and stainless steel are but a few 
of the metals already employ- 
ed in this new process for the 
production of such items as 
radio grilles, decorative grilles 
‘and utilitarian articles. 

New, boldly modern in con- 
cept and distinctive in effect, 
G-E Multi-Weave will appeal 
to the industrial designer and 
architect seeking new materi- 
als and methods that permit 
unusual and unconventional 
approaches to their problems. 


For complete information 
write: Electronics Department, 
General Electric Company. 
Syracuse 1, New York. 


167-Fi 
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“Sure we've got Wrought Iron Welding Fittings!” 


HEN you need wrought iron weld- 
ing fittings you really need ’em! A 
good way of getting them is to get the 
Tube Turns distributor on the phone. 
He handles the most complete line of 
welding fittings on the market, repre- 
sents the one source of supply on which 
you can depend for all welding fitting 
requirements. 
Tube-Turn wrought iron welding fit- 


tings are a standard part of the line as 


TUBE-TURN 


TRAD mana 


well as stainless steel, copper, alumi- 
num, monel metal, inconel, nickel, car- 
bon moly, chrome moly, brass. Tube- 
Turn welding fittings in these metals 
are available in all necessary weights, 
in a wide range of analyses, types, and 
sizes. The complete line of Tube-Turn 
welding fittings and flanges covers more 
than 4,000 items. Many of these are in 
stock with foresighted Tube Turns dis- 


tributors, in every strategic industrial 


center, who built up a supply when this 
was still readily possible. 

Write for the name of your nearest 
Tube Turns distributor and facts about 
how the fittings that become part of the 


piping serve others in your industry. 


TUBE TURNS (Inc.) LOUISVILLE 1, KENTUCKY. 
District Offices at New York, Washington, D.C., 
Philadelphia, Pittsburgh, Cleveland, Detroit, 


Chicago, Houston, San Francisco, Los Angeles. 


tt. Welding Fittings and Flanges 
UNE SOURCE OF SUPPLY FOR ALL WELDING FITTING REQUIREMENTS 
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Kawi 


DOES ALL THREE! 






FOR YOU HAVING MACHINE PROB- 
LEMS: Full staff of competent Engineers 


and complete manufacturing facilities 
are available to you. We follow through 
for you from idea to finished product— 
Design—Engineer —Build! 

Special equipment problems are 
solved daily for leading plants. We now 
offer these same services and believe we 
can help. 

Won't you submit to us your problems 
on Design and Engineering and let us 
help you? Write today and your letter 
will receive prompt attention. 


<r Ca 


iW 


ENGINEERING COMPANY 


lith & Lehigh, Phila. 33, Po. 



















YEARLY INCREASING VALUE 


For Readers Of 


PRODUCT 
ENGINEERING 


Total Editorial Pages 


1941 .712 
WORE... ccciccccece 798 
EOD ssecieccas 858 


BOOS wc ccc OE 
BOD cccccccces Sa 


a Perr 


GROWING COVERAGE 
OF A GROWING FIELD 
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in a bushing that, in conjunction with 
a hex nut, provides for panel mounting. 
The switch is rated at approximately 
YZ amp., 110 volts. 


Liquid-Level Indicator 


The Reliance Gage Column Co., Cleve- 
land, Ohio. 


This remote-reading indicator has a 
plastic diffusing screen to improve the 
distribution of the interior illumination. 
The interior of the drip-proof case is 


accessible for cleaning and renewing 
the illuminating lamp. 


| 
| 


—4 
Reliance 
tYE-HYEY 


* 5d 


Hi 
. 
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How to 

save time 

by doing 
more reading 


That is a profitable paradox 
for you. More true today than 
perhaps ever before. For here 
in the pages of this publica- 
tion are packed many helpful 
ideas . . . considerable useful 
information. Much of it, in 
fact, available from no other 
source. 


And we most emphatically 
mean both the editorial and the 
advertising pages. 


Just one new idea gleaned 
from these pages . . . a method 
for doing something better or 
faster or easier or at lower 
cost, may alone save you far 
more than a year’s reading- 
hours invested in this and other 
worthwhile business papers. 


Many people have found 
this a fact . . . not only once, 
but time and time again. That’s 
significant . . . with time so 
precious today. 


Good advertising speeds isfor- 
mation from those whe bave 
it... to those who weed it. 


* 


McGraw-Hill 
Publishing Company, Inc. 


330 West 42nd Street 
New York 18, N. Y. 
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P SEPARATOR SPRINGS (patented) 


that actually “float” the discs apart...keep them from contact 
with each other in neutral to prevent drag, abrasion, heating. 


SLIDING SLEEVE 


with hardened steel wedges riveted in for engaging and 
disengaging the clutch. 


LOCK SPRING 


which is raised so that knurled adjusting ring may be turned 
either for adjustment or disassembly. 


CAMS 
for automatic overload release. Flame hardened. 
ADJUSTING RING 


which is manually turned to give desired shifting pressure, 
or for disassembly. 


DRIVING RING CUP 
of hardened steel ... economical, available to your order. 


LOCKING PLATE (pctented) 


on disc end of each clutch (2 on double types) to lock all 
discs against tension of Separator Springs. 














STANDARD Maxitorqs are for normal 
requirements. 
OVERLOAD RELEASE MAXITORQS are This compact clutch is a complete unit, ready to slip on a 


used for high speed automatic machinery shaft and may be ASSEMBLED, ADJUSTED and entirely 
which procesess breakable or damage- TAKEN APART without the use of tools ... a valuable feature. 
able products. All replacement parts are available. 





Available in 8 sizes from % to 15 H. P. 
at 100 R. P.M. 


Send for Catalog No. PE 2 











THE CARLYLE JOHNSON MACHINE COMPANY 
MANCHESTER +» CONNECTICUT 
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2 ee Synchronous Motor 

The Rk. We. Cramer Co.,. Centerbroo 

ORTHWEST PLASTICS offers to all customers a ton 

personalized molding service unequalled anywhere. 

Our complete facilities include modern design and product 
engineering—allied with a highly skilled tool and die x I- in. in size and has a torque of 
department. These two, working with the molding ; 30 in. ounces at I r.p.m. Power input 
department, combine to give Northwest customers an 
unbeatable combination for speed and efficiency. Write 
us today for complete information. 





The SX motor measures 2-5, x 2 


is 2.7 Watts at I15 or 230 volts. 60 
cycles with an average heat rise of 
30 deg. ‘Twenty-eight standard gear 


Compression moldsne a Transfer molding ° Injection moldine ° Extrusion molding 





trains, ranging in speeds from 60 r.p.m. 


Medern Tool and Dse Department ° Fansshing, Fabracuting and Assembling Department 


Laboratory for Development and Production Control ° Engsneersng and Product Design to one revolution in 24 hours. make the 


aa aia ida SX adaptable to a wide variety of ap 


NORTHWEST PLASTIOG 00 fer ee 


bricant is sealed within the housing 
2233 UNIVERSITY AVE. + ST. PAUL 4, MINN. + PHONE NESTOR 9691 CRS TE - all 
CHICAGO OFFICE » 612 NO. MICHIGAN BLVD. + PHONE SUPERIOR 9109 CORSE THe THF EERE Tese. 








ny ry Engraved Dials 


fmerican Precitston Dial Co., 93 Mas 

sachusetts Ave. Boston 15, Mass 
Made of plastic, metal, or glass, the 
dials can be engraved with circles up 
to 20 in. in diameter and with as many 





Spur—bevel—spiral—zerol—worms 
and worm gears—racks—sprockets. 
All are precision cut on up-to-the- as 6,400 radial graduations accurate 


minute equipment exactly to your to two minutes in 360 deg. Straight 

- : b lines can be engraved up to 15 ft. long 
specifications. Prompt quotation upon with no deviation from the true. Cross- 
receipt of your sample or blueprint. section engraving as fine as 500 lines 
per in. is possible and, in such engrav- 

ing, heavier lines can be provided at 

‘ay any desired interval. For applications 
UMM CUZCGCINCCR GME | here parallax must be avoided, pre- 
cisely matched engraving can be fur- 


696 Glendale St. St. Paul 4, Minn.} | nished on both sides of material up to 
+ 1% in. thick. 
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